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One of the newest and most important developments in the 
construction of short span bridges is the introduction of the rigid 
frame principle to their design. This principle has been used for 
a number of years in other construction but only recently hae it been 
applied to the design of byidges. 
Much credit is due to Ur. Arthur G. Hayden, Designing Engi-
neer of the Westchester County Park Commission, New York, and his 
staff of assistants for their fine work toward developing this theory. 
Other engineers have contributed greatly toward advance on the subject 
but Mr. Hayden, by both design and actual construction, has proven be-
yond a doubt the economy and safety of this type of bridge. The 
Testchester County Park Commission has constructed many rigid frame 
bridges of reinforced concrete and structural steel on its magnifi- 
cent system of parkways and aside from their other advantages, the ease 
with which the esthetic phases maybe developed stands out as a very 
favorable point. 
A glance at the general shape of the rigid frame bridge will 
suffice to sham how admirably it answers all of the requirements for a 
crossing over an intersecting highway or railroad. It is probably 
better suited to be used as this type of bridge than any other, although 
as a crossing over a stream it has the advantage of offering the 
maximum area of waterway passage for a given length of bridge. Too, the 
length of span possible is much higher for the rigid frame type of bridge 
than for the simple slab and girder type and the longer spans are often 
very highly desirable. 
Sfee/ rigid Frame Bridge 
We..5/che.51-er Coudy Park .5)45/e1n. 
Reinforced Concrele 'Fig/a' Frame finage. 
5/one facing  he/p.5 give /h/:5 th-acie./re a very 
pieasin, appearance. 
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The design of bridges of this type is based on sound en-
gineering principles and should not be thought of as a mere experi-
ment. The structure, however, is highly indeterminate and the condi-
tions of stress set up in some portions are very complicated. A 
number of tests have been made in an effort to clarify these condi- 
tions but as yet the available data is somewhat meager. The possibilities 
in the field of experimentr:tion are still great. 
Laboratory analyses in attemmts to determine the action 
of the frame under load have been very successful amd have contributed 
greatly to establish confidence in the theoretical approaches used. 
These tests have been made on small, flat models of some elastic sub-
stance, such as celluloid or pasteboard. These models, because of their 
homogeneity, can be relied upon to yield theoretically correct results 
which can be applied to actual structures with relatively small error. 
Further discussion of this method of analysis will be made later. 
Bridges of composite materials such as reinforced concrete 
cannot be expected to act exactly as a more homogeneous body but the 
inaccuracies in the design assumptions are not sufficient to materially 
affect the safety of the design. The ;writer has constructed a rein-
forced concrete model of a typical rigid frame bridx-e and by strain 
gauge measurements under load has gathered some data by which he hopes 
to prove that the actual stresses developed substantially corroborate 
those expected from the design. 
THEORY OF TETE DESIGN  
3. 
=CRY OF 'TIT DESIGN  
From an engineering standpoint the design of a structure is 
essentially a study of the economics of the situation. This statement 
must not be construed to mean that all other consideration should be 
disregarded entirely, because in innumerable cases, the engineer must 
vary his design greatly to meet architectural and other requirements. 
It can readily be seen, however, that after determining the essential 
duties that the structure should be exnected to perform, the next step 
must be to decide in what way all of its functions might be developed 
with the least possible annual expense. By annual expense is meant 
not only the initial investment, but also a number of other factors 
which are very important. Of course, the life of the structure is a 
most essential consideration as this makes a very great difference 
in the annual cost. Faintenance, salvage value of materials, interest 
on investment and insurance premiums must also be considered. The 
architectural requirements must be weighed against these factors and the 
design carried out in en effort to give all points their proper consider-
ation. 
The rigid frame bridge is adaptable to structural steel and 
to reinforced concrete. In this paper no effort will be made to com-
pare the relative merits of the two types as this comparison must 
necessarily be made with reference to a specific case. The essentials 
of the design are practically the same for bridges of both materials 
so we may consider the principles involved in the design of one of 
reinforced concrete and the same .general methods could be applied to one 
of steel. 
4. 
In the selection of a bridge type, especially for a 
crossing over an intersecting railroad, street or highway, an im-
portant factor to consider is the enproach fills at the ends of the 
bridge. Although not true in every case, the approaches can usually 
be constructed more economically if the grade is as low as possible. 
The limiting factor is in most cases the clearance rewired under the 
_bridee. By using a rigid frame bridge the required clearance can be 
obtained with very economical approaches. This is true because of 
the small crown depth of the structure and because the top of the slab 
can be given a shape to conform to a rising aeeroach from both sides. 
These advantages are also realized by a flat arch, but the arch muet 
have a much . higher rise than the frame type. Because of the greater 
rise ratio the arch cannot have the same clearance at the haunches as 
it has at the crown, nor can it keep the sere low grade if the clearance 
at the haunches is increased. Too, the heavy abutments required by the 
arch are very expensive and their cost is enough to make the rigid frame . 
much more economical. 
Then a structure is placed under load it is a .ell knowafact 
that a deflection is caused and enough ecrk is performed by the structure 
in nueporting the load to exactly equal the product of the load times 
half of the distance it moves. prom this erineiele the basic economy of 
the rigid frame can be seen at once. The bridee is so proportioned and 
built that the deflection of the load is !each smaller than it would be 
on a girder and stab type and hence, the internal work earforned is 
less. Too, the materiel in the frame can be so efficiently distributed 
that each portion does sons cf the work requjred end no earls ere idle. 
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Also, the deflections sroduced are Such that the fills at the ends of 
the bride can be used to help nerform tie required 7ork, by resisting 
the deflection at t' .-.e ends of the structure. All of these design 
factors combine to make the rigid frame bridge a most economical 
type and one that is rapidly gaining favor among bridge designers. 
The rigid frame bridge is, in all cases, a statically 
indeterminate structure. The degree of indeterminancy, however, is 
variable depending on the nsrber of spans and the conditions of the 
footings. Of course, those of more than one span are highly indeter-
minate and the mathematical analysis is Ion,: and arduous. It has been 
found by experience that laboratory analyses on elastic models is more 
practical and can be carried out so much uore easily that this method 
has found preference over the strictly mathematical approach in the 
case of the multiple span frases. Therefore, no attempt will be made 
in this caper to ,resent the theoretical design of the more indeterminate 
cases. 
In the single span design two different cases must be con-
sidered, each of which requires an entirely different method of 
approach. The first is when the footings of the bridge rest free upon 
the foundation material and no bending moment at the footing can be 
assumed. The other case is when the footings can be so keyed or anchor-
ed into the foundation material that a condition of fixity can be assum-
ed. Of course, in many cases some fixity can be secured by the use of 
foundation piles or other such means, and this would necessarily affect 
6. 
the design. But even though the two types are designed from a differ-
ent standpoint, the closeness of the results, makes it very easy to 
take care of both cases 7 -ith very little loss in economy. 
The free end bridge is indeterminate to the first degree since 
we have two unknown horizontal reaction components and two unknown ver- 
tical components with only three static equations with which to solve them. 
The fixed end bridge is indeterminate to the third degree since,in addi-
tion to the unknowns in the other case, it has two unknown moments which 
mattes it have six unknowns in all and only three equations. 
The missing equations Which are required in order to be able to 
solve for the unknowns must be provided from a study of the laws of 
flexure. Let us first consider any small segment of a beam subjected 
to flexure, as represented by Fig. 1. The length of the segment is a 
and its original position before bending is shown by the dotted lines. 
After bending the segment would 
take a shape like that shown in 
heavy lines (of course, greatly 
c40 	 exaggerated). The fiber at a 
distance c from the neutral axis 
will have elongated by an amount 
cA0 	, But from the fact that 
the modulus of elasticity is ecual 
to the stress divided by the strain, 
we can say that this elongation is 
equal to the stress in the fiber 
times the length of the fiber 
Fig. 2. 
7. 
divided by E or
E 
 when n is equal to the stress in the fiber. Now 
p = Mc , M being bending moment on the section, so elongation becomes 
I 
Mcs . Equating, c de 	= Moe or AO = Me , This same thing is 
EI 	 EI 	 EI 
true of all small segments in a beam so the total cenge in angle 
between the tangents at the ends of the beam is the sum of all these 
small changes or yrs 
EI 
If the beam were curved before the bending moment was applied, 
the small segment would annear as shown in Fig. 2. 9 is the angle be-
tween the tangents before bending and et is the angle after bending. 
If s is the length of the 
segnent at the neutral axis, 
s c e is the length of a fiber 
at a distance c from the neutral 
axis. After flexure the length 
of the same fiber is s 09' 
The change of length is 	c e 
(s/ co) 	ale 
Assuming again a moment M on the 
section and'a fiber stress of Mc 9 
I 
we have a change in length of 
the fiber equal to Mc(s/c e )  
E I 
Letting c 661 	Mc(s/c8  ) or Mc = c 49 E 	f. If we consider 
EI I 
this fiber to have a cross-section al area of a then its moment about 
the neutral axis is equal to fac or ac 24t9E . The resisting moment of 
-77771; 
S. 
the section being the summation of the moments of all the fibers then 
Ni= ac
s
2 49 It But the sum of all the infinitesimal cross-sections 
tines the scuares of their distances from the neutral axis is the 
moment of inertia of the section so we can substitute I for act in the 
above expression. It then becomes M a 1769 . 
T7Te 
Solving for 49 , we obtain: - 	L.: M(8 7109  ), 
IE 
which might be written also: 
46 = his since s ce 	is practically equal to s for 
IE 
ordinary curvatures in rigid frame or arch ribs. As before, the total 
change in angle between the tangents at the ends of the axis, 0 , is 
equal to I s Ef • 
A rigid frame bridge with free end conditions is, from a design 





Let us first consider that the left end is restrained from lateral move•• 
ment and the right end is on rollers. Then when the small division s 
of the axis is subjected to an external bending moment, M, causing a 
flexure, the angular change between the tangents at its ends, L19 , is 
Es equal to E. This angular change times the height of the segment, y, 
is the horizontal displacement of the free end of the beam. The 
magnitude of this movement is, therefore, equal to Y Ms  • From all such 
EI 
segments on the axis of the beam the displacement must be equal to y.7 Ms. 
EI 
But both ends of the actual beam are restrained from moving and a horizon-
tal force must be acting on the end to cause an equal and opposite dis-
placement to that caused by the externally applied moment. The moment 
in any segment from this horizontal force is equal to Hy. Then the 
disolacerent caused by the horizontal reaction is, as beforel(Hy)sy  or 
2 	 EI 
2- Hy a . These two displaceuents being equal and opposite: El 
or H = WI_ 
EI 
EI 
If E is constant, H 	i, ra. 
row if we so choose our axis divisions that all divisions s are 
equal, then the equation is further simplified, so that: 
2 
7 Lra - PaiL = 0 
4- EI 	L- EI 
10. 
Since the free end frame was indeterminate to only the 
first degree, this equation -rives us all the necessary ones to solve 
for the reactions and also for the internal stresses after the reactions 
are found. However, there are other conditions affecting the stresses 
in the structure. The earth pressure from the fills at the ends of the 
bridge is very important. This is dealt with as if it were an external 
load so no further design complications are caused. 
Somotir-es a change in span length is caused by other factors 
than a horizontalreaction. Referring again to the equation previously 
derived:- 
H = 4E "LIEL. EI 
we can notice that the numerator of the right hand side is the expression 
for total horizontal displacement of the curved beam before the hori-
zontal reaction was applied. If we call this horizontal displacement Al, 
	
We can let Al 
	
or 




H = E 4 1 
EI 
The last form is an expression for the horizontal reaction due 
to any change of span length 41. 
A change of span length may be caused by a rise or fall in 
temperature. From ':11e laws of thermal expansion we know that 41 1 
would be equal to 	c being the coefficient of temperature, t being 
the rise or fall of temperature in degrees, and 1 being span length. 
11. 
From our general equation for H we may write 




A rise in temperature is used with a positive sign and a fall with 
a negative sign, thereby mating the results egrne with the assumed 
sinn convention; that is, a nositive 7 resists spreading of the foot-
ings, a negative H resists a movement toward each other. 
Rib shortening is another cause of tendency to change span 
length. It has en effect similar to a fall in tamnerature. All thru 
the rib there is a thrust acting with a normal component r. letting f c 
 represent the connression due to N in pounds psr square unit on any 
segment of the rib, we can express the nhortenin:g of the segment as 
foe 
	. Then the shortening of the whole arch isZf e s . But to 
find . 1 we must express this as horizontal displacement, which we 
can eosily do, since the horizontal projection of s is 41 x. 
we may write 4 1 =Tr, A x  
Substituting this value for Cil into the general equation 
for change in span length we have H = 
Is 
But since s may be assunod constant 7D 	H fc 4x 
--Tith the above equations we are able to carry thru the de-
sign of the free end rigid frame, taking into consideration all of the 
points which affect the design from a practical standpoint. 
text we shall consider the case of the structure with con- 
ditions causing restraint et the footings. This structure is indetermi-
nate to the third degree so 77e rust supply three equations from the laws 
offlexure to sw -olement the thr,=.e statical equations which we already 
To do this ,.ve ri_ey turn to the case of a curved cantilever beam as 
-., 'gown in 	4. 
Fig. 4, 
If a flexure AO is caused in a small segment of length s of 
the beam, a displacemant is caused at the free end.. Assuming the origin 
of coordinates to be at the frt - e end we can express the components of this 
movement. The horizontal displacerde.nt is ytle9 and the vertical displace- 
ment is x 41e . .40 is equal to Ms , as ::.':town before, so the corapo , ents 
EI 
of movement due to the flexure in the small Pecrment are Mys and hixs . The 
EI 	ET 
total horizontal anlace:ent is2 	 , the to tal vertical displacement 
EI 
ir'xs , and the total angular change between the ends is S' Ms 
EI 	 EI 
The rigid frame bridge with fixed end conditions is similar 
to that shown in Fig. 5. 
Fig. 5., 
As will be seen later the derivation of the equations for 
this case includes several terms from whicIDEmay be factored. For 
EI 
this reason we can choose our origin of .coordinates so as to -flake this 
factor equal to 0. By making Z of such a value that the XX axis passes 
thru the center of gravity of the quantities s , this will be made true 
I 
and the labor of calculation will be shortened. 
By assuming that the bridge is made up of two curved canti-
lever beams as shown, we can apply the principles of the preceding para-
graph. A load p is assumed on each half, Which cau;,:e a moment on the left 
half of Nil and one on the right half of M r . The unknown reactions due 
to. the loads are acs red to be applied at the origin of coordinates, and 
connected to the ends of the beams by an imaginary' rigid arm. The de-
flections caused by the various moments in the beams can be calculated 
13. 
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for each half and we know that the two sides will necessarily still 
coincide. Therefore, we know that the angular change in each canti-
lever is numerically the same but with opPosite signs with relation 
to the two halves. Likewise the vertical deflections must be equal 
and with the same sign, and the horizontal deflections are equal but 
with opposite signs,since one side is elongated and the other one shorten-
ed. 
The different flexure producing, agencies are, on the left 
cantilever, M1, Mo , V and H. On the right cantilever, they are Mr, 
MO, V and H. 
If we equate the horizontal deflections in the two halves we 
have:- 
- 	Ho EI 
s- 2L_ mo2"—n- 7‘ EI 	EI 
=71-1mi. EL/ mora / o_ Y2s v 2-- 27J1_ EI 	EI 	EI 	° EI 
This reduces to 
2 
7---1•$ -TN 1LS 7 	mss— - 2 H Y EI 	' r EI 	1 EI 
If we cancel the constant E from both sides and also make a 
constant we may write - 2 HoirEll :2- Mr I_  
'le can call Mr 71 M1 = Rai , Which further reduces the equation to: 
- 2 Hon2 
or Ho 	-2 11 2: 
2 N- y2 
2: I 
In the same way we can express the vertical deflections as: 
2-m_ Xs _1 X S F o  XY S  / V 2: X S 1 if r i° Ff. EI EI 
2 
= rimr 	Mom ?Pi / H°2- Vol 
2 s  
EI 
15, 
This reduces to: 




Taking out E and s as before, 
M1 I - mi. 	4 2 V02- x2 
I 
or Vo  - - 
I Mr I - M1 
2'- 
I 
The angular change in the ends of the frame can be ex- 




7Z II 	vo2-fr - moz 	112E-1 
= .12.mr iF gc217r s 	H 	- VO2- 1-2-] - EI EI 
This may be reduced to: 
r EI 
or 2- TA' 
I 
-2 
Solving for Mo 	 I  
2 
It must be noticed that all summations are for the half 
arch except those containing IT, which must be for the whole arch since 
they are the combination of similar terms containin 	and Mr . 
7ith these three additional equations we have all that are 
required to solve for the unknown reactions due to external loads. As 
before, we can treat the pressure from the fills as any other external 
16. 
load and solve without additional equations. 
A change of span length due to some other agency than 
loads on a structure will cause direct tension or compression and 
therefore no angular change or vertical reaction. The right hand 
	
member of the eauation 2 HoL EI - 2 NT .n 	2- Ni •a is EI EI 
an expression for change in span length A 1, due to any cause what-
- ever. Then: 
1 = - 2 H 
E A 1 	 E 4 1  or 	HC - 2 or 	Ho = 2s  _... 
I 	 4 I 
For stretching of the arch, Al is used with a positive sign 
and with a negative sign for compressing. 
A rise or fall in temperature would cause a change in snan 
length and consequently a horizontal reaction as shown above. d 1 would 
be equal to ctl as in the case of the free end frame. If we substitute 





For this case we must use t as positive for a fall in 
temperature, since this produces a stretching effect, and negative for 
a rise in temperature. This is not in accordance Ilth the accepted 
sign conventions, so if desired we can write the eauation, 
Ho 7. 	ctl  
and we can use our regular signs for rise 
I 
and fall in temperature. 
7(eferring back to our calculations for rib shortening in the 




Substituting this into the general form of the equation for 7 we -) 
have H
o = 	f c 4lx  
A- 
Since rib shortening results in a stretching effect f c is used with 
a positive sign, giving us a negative value for Ho , that is, acting in 
the opeosite.direction from that shown in Fie. 5. 
The unsymmetrical frame bridge offers very little additional 
complications since the theory is exactly the same as for the 
eymnetrical structure. Tither one of two expedients may be used and the 
same results obtained. The horizontal thrust can be assumed to act along 
x 
VL I idefa- 
1 	4* x 	
- 
Fig. 6. 	 Fig. 7 
the XX axis as shown in Fig. 6, and the moments due to it will be equal 
to Hy, with y measured perpendicular to the XX axis. The thrusts for 
the seccnd case can be assumed to act horizontally and y measured in a 
vertical direction to the XX axis. In both cases the bending moments, 
N are calculated as if the structure were symmetrical. Care should be 
taken to carry all summations cut for the full arch instead of the half 
arch as in the case of the symmetrical span. 
APPLICATIC CF DESINPRACTICAL  
PRACTICAL APPLICATIO' OF DESIGN  
experience the rigid frame bridge has been found 
economical for span lengths of from 35 ft. to CO ft. for reinforced 
concrete and from CO ft. to 120 ft. for steel. As yet, ho7ever, 
experience has not determined any rigid limits of economy and com-
narisons must still be resorted to in order to determine the advis-
ability of this tyre for dk srecific structure. 
The design of a reinforced concrete bridge 'with froe end 
conditions is carried thru in this parer and an attempt is made in 
show the application of the design principles as would be required 
in rractice. The structure has been assumed to rest free upon the 
soil with the resultant earth pressure acting near the center of the 
base. The sketch of the half frame is shown in Fig. 8. 
The structure chosen to illustrate the design has a span 
length of Cl ft. The lengths of the divisions s were made 3 ft., 
starting at the center of the span. This makes the divisions at the 
bottoms of the vertical legs of a different length but the values 
derived for them may be wei ghted In proportion to their length and 
correct results will be obtained. Ab a natter of fact, however, 
these bo'.tom divisions 	very little influence on the rest of 
the arch, end ignoring them makes little difference in the results. 
It cen be noticed that a center of division point occurs at the bend 
in the knoe. The divisions should be so made that this condition 
will nrevail since this is the point of maximum negative moment and 
the stra-z.s conditions at this point should be obtained. The structure 
has such a flat curve that the horizontal projections of the divisions 
18. 
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s can also be assuried es 3 ft., 	d this ,-,s7es -Gs -.erne labor in the 
calculations. 
For conveniepce in calculq -tions t',c, origin of coordinates 
is assumed at the bottom of one of the legs at t' -.e imaginary hinge 
joint. The reactions are first assu,ed to act as in Fig. G. moon 
calculoticn, if they one out positive they will act in that d i rection, 
and if negative, in tie opo3ite direction. 101 1 - orients, due to 
ciner ext=a1 loads or to reaction components, are tabulated Taos. _five 
if they conforp to the -egular 	n convention for - ositive moments; 
1. e., ,roducing comp^eision on the outside fibers of the arch. 
The procedure in the desi ,,n is to a s sume first a general 
shape of the arch ring and reinforcing throughout. nen the ihoments 
of inertia con be computed and the frame constants determined. 
Then by using Influence loads at each center of division 
we can comoute tae moments at all points on the --an by using our 
equations previously mentioned. The labor of workln- out the effects of 
these influence loads can be shortened by assuming a load greater 
than unity and of such a value that tho smallest sir:rle beam moment 
_smut he dealt with is equal to 1. In the case under discussion 
the influence load  used was 9 and this gave us a moment at 	101 
 Tae to a load at lOr of: 
1/27 x 9 x 3 = 1 
Of course, the influence curves must be clotted to a ch 
a col 	7:e can read off 1/9 of the calculated values and get 
the influence curves for moment and thrust for a unit load. 
20. 
After the influence l',nes have been constructed the work 
of finding the moments d7le to dead and live loads and also the normal 
thrusts is very easily accomplised. T :aer the sal:e thins. s are 
computed for the earth Pressure, temperature stresses and rib shorten-
ing using the formulas already derived. The maximum positive end nea-
tive moments with their corresponding normal. thrusts 're then tabu-
lated and the calculationsfor reinforcing of each section are 
carried thru. These calculations are made using the formulas  for 
combined bending and direct stress. 7Uch labor can be saved by using 
the table which is included in wool and Johnson's Concrete Engineer's 
7andbook. 
Some corrections may be necessary in the assumed sections 
in order to keep an economical design or to kee -2 the stresses '7ithin 
the safe 7rorking limits. Sometimes compression reinforcement at the 
crown is economical in order to keen the crown derth low or to keep 
from over reinforcing for tension. Variations in assumed moments of 
inertia might vary as much as 20 per cent without seriously affecting 
the safety of the design. However, large variations in the moments 
of inertia should call for a recalculation. 
Following is the complete set of calculations for the 
symmetrical rigid frame bridTe with hinged conditions at the footings. 
It will be noticed in the design, Fig. 9, that stirrups are used 
in the rib of the arch. These stirrups are serving not as calculated 
shear reinforcing, but to support the extrados steel and to furnish an 
additional factor of safety in carrying the shear. Also, nominal rein- 
21. 
forcing is used in the inside or soffit face of the vertical lege, al-
though none is required from the calculations. Transverse tie rods are 
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No/e.- For values of Deal Loads 
Ear/h pre surer see 
accompanying. compilations 
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s 	Is 	: 	I 
:10619Da :Ie 21 Is : 
: 
1 : 9.0 	: e0.75 s 0.0070 : 4.33 : 1.31 : 62.06 : 1.0 	: 0.02 : 
2 : 3.67 : 4.12 : 0.0140 : 1.67 : 0.39 : 4.51 : 4.0 3.55 
: 	3 : 4.00: 5.33 : 0.0140 : 1.23 0,47 : 5.80 : 7.0 	: 8.45 : 
4 : 4.33 6.76 0.0140 : 2.00 : 0.56 : 7.32 10.0 : 13.66 : 
5 : 4.69: eloo : 0.0245 2,18 : 1.16 : 9.76 : 13.0 	: 17.32 : 
6 s 5.02 : 10,52 0.0845 : 2.34 1.34 : 11.86 1660 : 21.59 
7 t 5.35 : 12.75 0.0245 2.51 s 1.54 : 14.29 : 19.0 25.26 : 
: 	8 : 5.69 : 15.34 0.0245 ; 2.68 : 1.96 : 17.10: 22.0 	s 28.30 : 
: 	9 : 6.00 : 18.00 : 0.0245 : 2.83 : 1.96 19.96 : 25.0 : 31.31 : 
: 10 s 5.33 12.61 0.0245 2.50 : 1.53 : 14.14 25.87 47.33 
: 11 : 4.75 : 8.93 0.0176 : ada : 0.86 : 9.79 : 26.16 69.89 
: 12 : 4.21 6.21 s 0.0176 : 1.94 : 0.66 : 6.87 26.42 : 101.60 
: 13 : 3.75: 4.39 : 0.0176 : 1.71 : 0.51 : 4.90 26.65: 144.94 : 
14 : 3.37: 3.19 : 0.0217 1.52 0.50 : 3.69 s 26.84: 195.20 : 
: 15 : 3.08: 2.44 : 0.0217 : 1.57 0.41 2.85 26.08: 855.40 
16 : 2.83: 1.89 : 0.0217 1.25 0.36 2 2.23 27.10 333.81 
: 17 : 2.58 : 1.43 : 0.0217 : 1.12 0.27 : 1.70 27.22 : 435.84 : 
18 : 2.48: 1.18 : 0.0326 2 1.04 : 0.35 : 1.53 : 27.30 : 487.12 
: 19 : 2.25: .95 : 0.0326 0.96 : 0,30 : 1.25 27.38 599.68 : 
: 20 2.08: .75 : 0.0326 0.87 : 0.25 ; 1.00 : 27.46: 754.05 : 
21 : 2.00 : .67 : 0.0326 : 0.83 : 0.22 : 0.89 : 27.50 : 849.72 
t 22  2.00 : .67 : 0.0326 : 0.83 i 0.28 : 0.89 ; 87,80 : 849,78 
2 s= 5273.96 for halt span 
L 



























16R :  
15R : 













:Point t I Y 2 Influence Load at 10 L 
I 	Mom. 	:It 
: I 
: .

























































































































































































































































































































load z 9 
Influence Load at 11L 
: 	 ID: 
: Mom. 
By Total 
1L o 0 - .96 - .96 
2L 0 0 3.84 3.84 
3L 0 0 6.72 8.72 
4L 0 0 9.60 9.60 
5L 0 0 12,48 12.48 
6L 0 0 15.36 15.38 
7L 0 0 18.24 18.24 
8L 0 0 21.12 21.12 t 
9L 0 0 24.00 .24.00 
10L 25 45.75 14.als .15 
11L 50 133.61 25.10 24.90 : 
12L 48 184.60 25.40 22.60 
13L 46 250.18 25.60 20,40 : 
14L 44 320.04 25.79 18.21 
15L 42 397.52 25.90 18.10 
18L 40 488.10 26.02 13.98 
17L 38 608.44 28.18 11.82 
18L 36 642.32 26.21 9.79 
19L 34 744.74 28.25 7.75 
20L 32 878.72 28.36 5.64 
21L 30 926.96 26.40 3.60 
22L as 865.16 26.40 ,1.50 
22R 26 803.36 26.40 - .40 
21R 24 741.58 26.40 2.40 
202 22 604.12 28.36 4.38 
19R 20 438.08 26.25 6.25 
18R 18 321.18 26.21 8.21 
17R 16 258.20 26.18 10.18 
16R 14 170.14 28.02 12.02 
15R 12 113.80 25.90 13.90 : 
14R 10 72.74 25.79 15.79 
I3R 8 43.50 25.60 17.60 
12R 6 23.08 25.40 19.40 
1IR 4 10.68 26.10 21.10 : 
lOR 2 3.66 24.05 22.85 
9R 0 0 24.00 24.00 : 
8R 0 0 21.12 21.12 
7R 0 0 18.24 18.24 : 
8R 0 0 15.36 15.38 : 
5R 0 0 12.48 12.48 : 
4R 0 0 9.60 9.80 : 
3R 0 0 6.72 8.72 : 
2R 0 0 3.84 3.84 : 
12 0 0 - .96 - .96 
= 10086,02 
H IlE I a 10,086.02  
10,547,52 
H z .96 
Load:9 
Influence Load at 12L 
: Point: Nom. : 	MY • 	Hy : 	Total 
M : I 
1L 0 0 -1.43 -1.43 
2L 0 0 5.72 5.72 : 
3L 0 0 10.01 10.01 : 
4L 0 0 14.30 14.30 
5L 0 0 18.59 18.59 : 
6L 0 0 22.88 22.88 
7L 0 0 27.17 27.17 : 
8L 0 0 31.46 31.46 
9L 0 0  35.75 35.75 
10L 24 43.92 37.99 -13.99 
11L 46 128.26 37.41 7110.59 
12L 72 276.91 37.78 34.22 
13L 69 375.29 38.11 30.89 
141 66 480.08 38.38 27.62 : 
15L 63 596.42 38.56 24.42 
16L 60 729.12 38.75 21.25 1 
17L 57 912.66 38.92 18.08 : 
18L 54 963.52 39.04 14.98 : 
19L 51 1117.10 39.15 11.85 : 
20L 48 1318.08 39.27 8.73 : 
21L 45 1390.45 39.33 5.67 : 
22L 42 1297.78 39.33 712.67 : 
22R 39 1205.06 39.33 - .33 : 
21R 36 1112.36 39.33 3.33 : 
2OR 33 906.18 39.27 6.27 : 
19R 30 857.12 39.15 9.15 : 
I8R 27 481.76 39.04 12.04 : 
I7R 24 384.29 38.92 14.92 1 
161 21 255.19 38.75 17.75 : 
15R 18 170.41 38.58 20.58 : 
14R 15 109.10 38.38 23.38 ; 
13R 12 65.27 38.11 26.11 : 
12R 9 34.61 37.78 28.78 : 
1IR 6 16.03 37.41 31.41 : 
lOR 3 5.49 37.99 34.99 : 
9R 0 0 35.75 35.75 : 
8R 0 0 31.46 31.46 : 
7R 0 0 27.17 27.17 : 
8R 0 0 22.88 22.88 : 
5R 0 0 18.59 18.59 : 
4R 0 0 14.30 14.30 : 
3R 0 0 10.01 10.01 : 
2R 0 0 5.72 5.72 : 
IR 0 0 -1.43 -1.43 : 
Is 15,032.46 
H = II 
I 	= 15,032.48 
------72- 10,547.52 Jr.-. 
I 









: Hy : 	Total 
: M : 
IL 0 0 - 1,88 -1.88 : 
2L 0 0 7.52 7.52 
3L 0 0 13.16 13.16 : 
4L 0 0 18,80 18.80 
5L 0 0 24.44 24.44 : 
6L 0 0 30.08 30.08 
7L 0 0 35.72 55.72 : 
BL 0 0 41.36 41.36 
9L 0 , 	0 47.00 47.00 : 
1OL 25 t 42.09 48.84 25.64 
11L 46 122.91 49.18 -3.18 : 
/2L OD 265.37 49.67 /19.35 
13L 92 500.39 50.10 41.90 : 
I4L 88 640.11 60.46 37.54 
15L 84 793.23 50,72 33.28 : 
16L 80 972.16 50.95 29.05 
17L 76 1216.91 51.17 24.83 : 
18L 73 1284.70 51.52 20.68 
19L 68 1489.47 51.47 16.53 : 
20L 44 1757.44 51.62 12.38 
21L 60 1853.94 51.70 8.30 : 
22L 56 1730.34 51.70 4,30 
22R 52 1E106.75 51.70 L 	.30 : 
21R 48 1483.15 51.70 - 3.70 
BOB 44 1208.24 51.62 7.62 : 
19R 40 876.16 51.47 11.47 
18R 36 642.35 51.32 15.32 : 
17R 32 512.38 51.17 19.17 
16R 22 540.26 50.95 22.95 : 
I5R 24 227.21 50.72 26,72 
14R 20 145.48 50.46 30.48 : 
13R 16 87.02 50.10 34.10 
12R 12 48.15 ; 49.67 37.67 : 
112 8 21.38 49.18 41.18 
lOR 4 7.32 48.64 44.64 : 
9R 0 0 47.00 47.00 
8R 0 0 41.36 41.36 : 
7R 0 0 35.72 35.72 
6R 0 0 30.08 30,08 • .
5R 0 0 24,44 24.44 
4B 0 0 18.80 18.80 : 
3R 0 0 13.16 13.18 
2R 0 0 7.52 7.52 : 
1R 0 0 -/ .FIR - 1.88 
* 19872.91 




   











11V-- . 	Hy 
• .
: 	Total 	 : 
: M I 
11 0 0 2.33 
r-____-----L 
- .33  
2L 0 0 9.32 9.32 
al. 0 0 18.31 16.31 
4L 0 0 23.30 23.30 • 
5L 0 0 30.29 30.29 t 
6L 0 0 37.28 37.28 
7L 0 0 44.27 44.27 t 
81 0 0 51.26 51.28 
9L 0 0 58.25 58.25 t 
10L 22 40.28 80.28 38.28 
11I, 44 117.57 80.95 .46.95 
12L 88 "253.84 61.58 71 4.44 
131. 88 478.83 62.09 25,91 
14L 110 800.14 82.54 47.48 
151, 105 994,04 62,88 42.14 r 
18L 100 1215.20 83.14 36.88 
171. 95 1521,14 63.42 31.58 . 
18L 90 1605.87 83.81 26.39 
19L 85 1861.92 63.80 21.20 : 
20L 80 2196.80 63.98 18.02 
21L 75 2317.43 84.08 10.92 : 
22L 70 2182.93 84.08 5.92 
22R 65 2008.44 84.08 t 	.92  
21R 80 1853.94 84.08 - 4.08 
2011 55 1510.30 63.98 8.98 3 
19R 50 1095.20 63.80 13.80 
18R 45 802.94 83.81 18.81 : 
17R 40 640.48 63.42 23.42 
18R 35 425,32 63.14 28.11  
15R 30 284.01 82.86 32.88 
14R 25 181.85 82.59 37.54 
132 20 108.78 82.09 42.09 
12R 15 57.69 81.56 48.58  
112 10 26,72 80.95 50.95 
102 5 9.15 , '60.28 55.28 
9R 0 0 58.25 58.25 
SR 0 0 51.26 51.28 
72 0 0 44.27 44.27 
811 0 0 37,28 37.28 : 
5R 0 0 30.29 30.29 
4R 0 0 23.30 23,30 : 
3R 0 0 16.31 16.31 
2R 0 0 9.32 9.32 : 
1R 0 0 2.33 2.33 
)7 - 21570.59 
H = 
4 I 	241570.59 w 2,33 
10547.52 
I 









: 	It 	: 
: I S 





: 	XL 0 0 - 	2.76 -,•fr-Fr-7 
: 2L 0 0 11.04 -11.04 	s 
: 	3L 0 0 19.32 19.32 : 
: 4L 0 0 27.60 27.60 	: 
: 	5L 0 0 35.88 35,88 : 
: 6L 0 0 44.16 44.16 	1 
: 	7L 0 0 52.44 52.44 s 
: 8L 0 0 60.72 . 60.72 	•
: 	9L o 0 69.00 69.00 : 
: 10L 21 38.43 71.40 50.40 	: 
: 11L 42 112.22 72.20 30.20 : 
: 12L 63 242,39 72.92 - 9.92 	: 
: 13L 64 456.88 73.55 /10.45 : 
2 14L 105 763.77 74.08 /30.92 	: 
: 15L 126 1192,84 74.46 51.54 : 
: 16L 120 1458,24 74.80 45.20 	: 
: 17L 114 1825.37 75.13 38.87 2 
: 18L 108 1927.04 75.35 32.65 	: 
: 19L 102 2234,21 75.57 26,43 : 
20L 96 Meals 75,78 . 20.21 	. 
s 21L 90 2780,91 75.90 . 14.10 •
2 22L 84 2595,52 75,90 8.10 	: 
: PER 78 2410.12 75.90 / 2.10 : 
: 21R 72 2224.73 75.90 - 3.90 	2 
: 20R 66 1812,36 75.79 - 9.79 : 
: 1911 60 1314,24 75.57 . -15.57 	•
: 18R 54 963,52 75.35 -21.35 s 
: 17R 48 768.58 75,13 27.13 	: 
: 16R 42 510.38 74.80 32.80 : 
: 15R 36 340.81 74.46 38.46 	: 
: 14R 30 218.22 74.08 44.08 : 
s 13R 24 130,54 73,55 49.55 	: 
: 12R 18 69.23 72,92 54.92 : 
2 1111 la 32.06 72,20 60.20 	: 
: 101R 6 10.98 71.40 65.40 s 
: 	9R 0 0 69.00 69,00 	. . 
: 8R 0 0 60.72 60.72 : 
: 	7R 0 0 52,44 52.44 	: 
: dR 0 0 44.16 44.16 : 
5R 0 0 35,88 35.86 	• .
: 	4R 0 0 27.60 27.60 	• 
s 3R 0 0 19,32 19.32 	: 
s 	2R 0 0 11,04 -11,04 : 




H 29069,66 m 2.76 
10,547.52 
LOAD = 9 
: Point 
t 
































































































































































































































































FI =  33,313.24 	r 3.16 
10,547.52 
Load = 9 
:Pt.: INFLUENCE LOAD AT 17L 
Mom. Ify Total 
: 
- 3.53 - 3, 
aL 0 14.12 14.12 
3L 24.71 24.71 
4L 35.30 35,30 
SL 0 45.89 45.89 
6L 58,48 58.48 
7L 87.0'? 87.0? 
8L 0 77.86 77.88 
9L 0 88.25 88.25 
10L 19 34.77 91.32 72,32 
ILL 38 101.54 92,34 54,34 
12L 57 219.22 93,28 38,28 
13L 76 413.36 94.07 .418.07 
141, 95 891:03 94.75 gi 	.25 
15L 114 1079.24 95.24 418.76 
16L 133 1816.22 95.88 7137,34 
171. 152 2433.82 98.09 55.91 
18L 144 2569,39 96.37 47.63 
19L 136 2978.94 98.85 39.35 
128 3514.88 98.93 31.07 
211, 120 3707.88 97.08 22,92 
22L 112 3480,89 97,08 14.92 
22R 104 3213.50 97.08 /8,92 
21R 96 2986.30 97.08 -1.08 
20R 88 2416.48 98,93 -8.93 
I9R 80 1752.32 98.65 18.65 
18R 72 1284.70 98.37 24.38 
I7R 84 1024.77 96.09 32.09 
16R 58 880.51 95.68 39.88 
15R 48 454,42 95.24 47. 24 
14R 40 290.96 94.75 54.75 
I3R 32 174.05 94.07 62.07 
12R 24 92.30 93.28 89.28 
11R 15 42.74 92.34 78.34 
lOR 8 14.64 91,32 83.32 
9R 0 88.25 88.25 
OR 0 0 77.66 77,66 
7R 0 0 87.07 87.07 
8R 0 0 58.48 58.48 
5R 0 0 45.89 45.89 
4R 0 0 35.30 35.30 
3R 0 0 24,71 24.71 
ER 0 0 14.12 14.12 
1R 0 0 -3.53 •-3,53 
= 37,228.67 
H 4= 37 22a 87 	3.53 
10,547.52 
Loader 9 
INFLUENCE LOAD AT 18 L 
:Mom. Hy Total 
3 I 	I 
1L 0 - 3.86 - 3.86 










5L 0 50.18 -50.18 
6L 0 81.76 -61.76 
7L 0 73.34 -73.34 
8L 84,92 -84,92 
9L 0 98.50 -98.50 
10L 18 32.94 99.86 81.86 
11L 36 96.19 100.98 64.98 
12L 54 207.88 ; 101.98 47.98 
13L 72 301.61 102.87 30.87 
14L 90 654.66 103.60 -13.60 
15L 108 1022.44 104.14 ti 3.86 • • 
16L 126 1531.15 104.61 1121.39 
17L 144 2305.73 105.07 38.93 
181. 162 2890.57 105.58 56,62 
19L 153 3351.31 105.69 47.31 
ZOL 144 3954.26 108.00 38.00 
21/ 135 4171.37 106.15 28.85 
22L 126 3893.27 106.15 19.85 
22R 117 3615.18 106.15 10.85 
21R 108 3537.09 106.15 1.85 
IBOR 99 2718.54 106.00 - 7.00 
19R 90 1971.36 105.69 15.69 
18R 81 1445.28 105.38 84.38 
17R 72 1152.86 105.07 33,07 
16R 63 765.58 104.81 41.61 
15R 54 511.22 104.14 50.14 
14R 45 327,33 103.60 58.60 
13R 36 195.80 102.87 86.87 
12R 27 103.84 101.98 74.98 
11R 18 48.10 100.98 82.98 
lOR 9 16.47 99.86 90.86 
9R 0 98.50 96,50 
8R 0 0 84.98 84.92 
7R 0 0 73.34 73.34 
8R 0 0 61.76 81.76 
5R 0 0 50.18 50,18 
4R 0 0 38.60 38,60 
3R 0 27.02 27,02 
ER 0 44.04 15.44 
0 
.1 40,711.81 
H = 40 711 81 mo 3.86 
10,547.52 
Load = 9 
:Pollit 
• 
: Influenee Load at I91, t 










IL 0 0 -4.14 -4.14 : 
2L 0 0 16.56 16.56 : 
3L 0 0 28.98 28.98 : 
4L 0 0 41.40 41.40 : 
5L 0 0 53.82 53.82 : 
6L 0 0 66.24 66.24 : 
7L 0 0 78.66 78.68 : 
8L 0 0 91.08 91.08 : 
9L 0 0 103.50 103.50 : 
IOL 17 51.11 107.10 90.10 : 
11L 34 90.85 108.30 74.30 • .
12L 51 196.15r 109.38 58.38 : 
13L 88 369.85 110.33 42.33 : 
14L 85 618.29 111.12 28.12 : 
15L 102 965.63 111.70 -9.70 : 
16L 119 1446.09 112.19 /6.81 : 
17L 136 2177.63 112.69 23.31 : 
18L 153 2729.98 113.02 39.98 : 
19L 170 3723.65 113.35 58.65 : 
20L 160 4393.60 113.68 46.32 : 
21L 150 4634.85 113.85 36.15 : 
22L 140 4325.86 113.85 26.13 : 
22R 130 4016.87 113.85 16.15 : 
21R 120 3707.88 113.85 /6.15 : 
20R 110 3020.60 113.68 -3.68 : 
19R 100 2190.40 113.35 13.35 : 
18R 90 1605.87 113.02 23.02 : 
17R 80 1280.96 112.69 32.69 : 
16R 70 850,64 112.19 42.19 : 
15R 60 568,02 111.70 51.70 : 
1411 50 363.70 111.12 61.12 
13R 40 217.56 110.33 70.33 : 
12R 30 115.38 109.38 79.38 : 
1IR 20 53.44 108.30 88.30 : 
lOR 10 18.30 107.10 97.10 : 
9R 0 0 103.50 103.50 : 
8R 0 0 91.08 91.08 : 
7R 0 0 78.66 78.66 : 
6R 0 0 66.24 66.24 : 
5R 0 0 53.82 53.82 : 
4R 0 0 41.40 41.40 : 
3R 0 0 28.98 28.98 : 
all 0 0 16.56 16.56 : 
1R 0 0 -4.14 -4.14 
= 43,713.19 
H = 43 713.19 = 4.14 
10,547.52 
Load 9 
Influence Load at 20L 
:Point t Mom. : : Hy : Total 
• : 	1 : Mont. 
IL 0 0 -4.37 -4,37 
EL 0 0 17.48 17.48 
3L 0 0 30.59 30.59 
4L 0 0 43,70 43.70 
5L 0 0 57.81 56.81 
6L 0 0 69,92 69.92 
71, 0 0 83.03 83,03 
8L 0 0 96.14 96.14 
9L 0 0 109.25 109.25 
10L 16 29.28 113.05 97.05 
11L 32 85.5d 114.32 82.32 
12L 48 184.61 115.46 67.46 
13L 64 348.10 116,46 52.46 
14L 80 581.92 117.29 37.29 
15L 96 908.83 117.90 21.90 
16L 112 1361.02 118.43 - 6.43 
17L 128 2049.54 118.95 9.05 
18L 144 2589.39 119.30 24.70 
19L 180 3504.64 119.65 40.15 
20L 176 4832,96 120.00 56.00 
21L 165 5098.34 120.18 44.82 
22L 154 4758,45 120.18 33.82 
22R 143 4418.56 120.18 22.82 
21R 132 4078.67 120.18 11.82 
20R 121 3322.66 120.00 1.00 
19R 110 2409.44 119.65 -9.65 
18R 99 1766.46 119.30 20.30 
17R 88 1409.06 118.95 30.95 
16R 77 935.70 118.43 41.43 
15R 68 624.82 117.90 51.90 
14R 55 400.07 117.29 52,29 
13R 44 239.32 116.46 72.46 
12R 33 126.92 115.48 82,46 
11R 22, 58.78 114.34 92,32 
lOR 11' 20.13 113.05 102.05 
9R 0 0 219 .25 109.25 
8R 0 0 96,14 96.14 
7R 0 0 83,03 83.03 
6R 0 0 69.92 69.92 
5R 0 0 56.81 56.81 
4R 0 0 43.70 43.70 
3R 0 0 30.59 30.59 
2R 0 17.48 17.48 
1R -4 37 4.37 
= 46,123.17 








i 	Influence Load at 212 t 
: Moan. 	USE 







11, 0 0 -4.53 .4.53 : 
2L 0 0 18.12 18.12 s 
3L 0 0 31.71 31.71 : 
4L 0 0 45.30 45.30 s 
5L 0 0 58.89 58.89 : 
6L 0 0 72.48 72.48 : 
7L 0 0 86.07 88.07 : 
8L 0 0 99.66 99.68 : 
9L 0 0 113.25 113.25 : 
10L 15 27.45 117.19 102.19 : 
112 30 80 48 118.50 88.50 : 
12L 45 173.07 119.88 74.68. s 
13L 80 326.34 120.72 60.72 : 
14L 75 545.55 121.59 46.59 : 
15L 90 852.03 122.22 32.22 : 
16L 105 1275.96 122.76 17.76 : 
17L 120 1921.44 123.31 -3.31 
18L 135 2408.81 123.67 '111.33 : 
19L 150 3285.80 124.03 25.97 : 
20L 165 4530.90 124.39 40.81 : 
21L 180 5581.82 124.58 55.42 : 
22L 168 5191.03 124.58 43.42 . . 
22R 156 4820.24 124.58 31.42 : 
21R 144 4449.46 124.58 19.42 t 
2011 132 3824.72 124.39 ,t7.81 : 
19R 120 8828.48 124.03 -4.03 : 
18R 108 1927.04 123.67 15.67 : 
17R 96 1537.15 123.31 27.31 : 
18R 84 1020.77 122.78 38.76 : 
1511 72 681.82 122.22 50.22 s 
14R 80 436.44 121.50 81.59 : 
13R 48 261.07 120.72 72.72 : 
12R 36 138.46 119.88 83.68 : 
11R 24 84.13 110.50 94.50 : 
lOR 12 21.98 117.10 105.19 t 
9R 0 0 113.85 113.26 
8R 0 0 99.68 99.86 : 
7R 0 0 88.07 88.07 : 
6R 0 0 72.48 72.48 : 
5R 0 0 58.89 58.89 : 
4R 0 0 45.30 45.30 : 
3R 0 0 31.71 31.71 : 
aR 0 0 18.12 18.12 • .
1R 0 0 - 4.53 -*JO 
= 47,791.70 
H m 47 791.70 	R 4.53 
10,547.52 
Load : 9 
t
Moist 
: Influence Load at 22L 
t 	Main. 	: _11.  







IL o 0 -4.61 -4.61 . . 
2L o 0 18.44 18,44 : 
3L 0 0 32.27 32.27 : 
4L 0 0 48.10 46.10 
5L 0 0 59.93 59.93 : 
8L 0 0 73.76 73.76 : 
7L 0 0 87.59 87.59 : 
8L 0 0 101.42 101.42 : 
9L 0 0 115.25 115.25 • .
IOL 14 25,82 119.28 105.26 
I11. pat 74;82 120.80 92.60 : 
12L 42 181.53 121.80 79.80 t 
13L 56 304.58 122.88 66.86 : 
14L 70 509.18 123.73 53.73 : 
15L 84 795.23 124.38 40.38 
16L 98 1190.90 124.95 28.93 : 
17L 112 1793.34 125.48 -13.48 
18L 128 2248.22 125.85 / 	.15 
19L 140 3066.56 126.22 13.78 : 
20L 154 4228.84 128.59 27.41 : 
21L 168 5191.03 128.78 41.22 : 
22L 182 5623.62 126.72 55.22 : 
22R 169 5221.93 126.78 42.22 : 
21R 158 4820.24 128.78 29.22 
201 143 3926.78 128.59 16.41 : 
19R 130 2847.52 126.22 / 3.78 : 
18R 117 2087.63 125.85 - 8.85 . . 
17R 104 1685.25 125.48 21,48 • . 
16R 91 1105.83 124.93 33.93 • .
15R 78 738.43 124.38 46.38 : 
14R 65 472.81 123.73 58.75 : 
13R 52 282.83 122.86 70.86 : 
1211 39 149.99 121.80 82.80 : 
11R 26 69.47 120.60 94.60 : 
lOR 13 23.79 119.26 106.26 • 
9R 0 0 115.25 115.25 : 
813 0 0 101.42 101.42 t 
7R 0 0 87.59 87.59 • • 
6R 0 0 73.78 73.76 t 
5R 0 0 59.93 59.93 t 
4R 0 0 46.10 48.10 t 
3R 0 0 32.27 32.27 . •
211 0 0 18.44 18.44 : 
IR 0 0 -4.61 -4.81 _{ 
= 48,625.97 
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CALCULATION OF DEAD LOAD AT VARIOUS POINTS. 
Concrete is assumed to weigh 150 lbs. per cu. ft. 
4" concrete paving is assumed, weighing 50 lbs. per eq. ft. 
Pt. 28 












Rib (2.25x1.0x3.0)x150 le 1017# 
Paving 	 150 
Pt. 18 
Rib (2.42x1.0x5.0)x150 . 1090# 
Paving .• 	 150 
Pt. 17 
Rib (2.58/1,0x3.0)x150 w 1161# 
Paving - 	 15W  
1311# 
Pt. 16 
Rib (2.83x1.0x3.0)x150 w 12750 
Paving- 	 150 
Pt. 15 




Rib ,(5.374.0x3.0)x150 2 1518# 
Paving 	 1001  
16681 
Pt. 13 
Rib (3.75x1.00.0)x15• w 1688# 




Paving 	 1 
Ft. 11 
Rib (4.75xI.0x5.0)xI50 = amif 
Paving - 	 1501 
2288/ 
Calculation of Dead Loads - Cont'd. 
Pt. 10 
Rib (5.33x1.025.0) 150 = 24001 
Paving 	 1 
Pt. 8 









(5.02x1.0x3.0)150 .7 22601 
Pt .5 
(4.68x1.0t5.0)150 ■ 2110# 
Pt. 4 
(4.33x1.ox5.0)150 = loof 
Pt. 3 
(4.00x1.023.0)15 = 1800f 
Pt, 2 
(3.67x1.0x5,0)150 = 16504 
Pt. 1 
(2.0x2.0x1.0)/ (2.0x9.0x1.0) 
(2.5'1.03:3.67) 150 = 4,4801 




: Point 2 : Point 3 : Point 4 : Point 5 	: 	Point 6 	: Load 	: 
at : 
Point : 










10L 2550 .21 -536 .38 - 970 	.53 ,-1352 .70 -1785 	.83 -2115 101, 
11L 2288 .42 962 .75 1717 1.04 2381 1.38 3160 	1.65 3780 11L 
121. 2042 .62 1267 1.12 2486 1.59 3245 2.07 4225 	2.52 5140 12L 	: 
13L 1838 .82 1508 1.47 2720 2.12 3900 2.71 4980 	3.33 6120 13L 
14L 1668 1.01 1685 1.82 3038 2.60 4340 3.37 5625 	4.15 6920 14L 	• 
15L 1537 1.21 1860 2.15 3304 3.05 4690 4.00 6150 	4.92 7585 15L 
16L 1423 1.41 2008 2.47 352D 3.52 5010 4.56 6490 	5.61 7990 16L 
17L 1311 1.57 2059 2.72 3586 3.89 5100 5.10 6685 	6.28 8230 17L 
18L 1240 1.65 2045 3.00 3720 4.30 5333 5.58 6890 	6.87 8520 18L 	: 
19L 1167 1.80 2100 3.25 3790 4,61 5375 6.00 7000 	7.37 8600 19L 
BOL 1086 1.93 2095 3.40 3890 4.82 5235 6.32 6860 	7.75 8410 20L 	: 
21L 1050 2.02 2121 3.50 3675 5.03 5280 6.54 6870 	8.07 8480 21L 
22L 1050 2,04 2142 3.58 3760 5.14 5400 6.66 8990 	8.20 8610 22L 	: 
22R 1050 2.04 2142 3.58 3780 5.14 5400 6.66 6990 	8.20 8610 22R 
21R 1050 2.02 2121 3.50 3675 5.03 5280 6.54 6870 	8.07 8480 21R 	: 
BOR 1086 1.93 2095 3.40 3690 4.82 5235 6.32 6860 	7.75 8410 20R 
19R 1167 1.80 2100 3.25 3790 4.61 5375 6.00 7000 	7.37 8600 19R 	: 
18R 1240 1.65 2045 3.00 3720 4.30 5333 5.56 6890 	6.87 8520 18R 
17R 1311 1.57 2059 2.72 3566 3.89 5100 5.10 6685 6.28 8230 17R 	: 
18R 1423 1.41 2008 2.47 3520 3.52 5010 4.56 8490 	5.61 7990 18R 
15R 1537 1.21 1860 2.15 3304 3.05 4690 4.00 6150 	4.92 7565 1511 	: 
14R 1668 1.01 1685 1.82 3038 2.80 4340 3.37 5625 	4.15 8920 14R 
13R 1838 .82 1508 1.47 2720 2.12 3900 2.71 4980 	3.33 6120 13R 	: 
12R 2042 .62 1267 1.12 2286 1.59 3245 2.07 4225 	2.52 5140 12R 
11R 2288 .42 982 .75 1717 1.0L 2381 1.38 3160 	1.65 3780 11R 	: 
lOR 2550 .21 -536 .38 -970 	.53 -1352 .70 -1785 .83 -2115 1011 : 
Totals -43,776 -79,512 -113,282 -147,420 -180,960 
:Load: 
: at :Load: 
: 




Mg 1 	M :UF 	: 





MF 	: M M : 
: 
10L 2550 -1.02 -2800 -1.19 -3035 -1.35 - 3440 01.50 03821 01.38 {3519 10L 
11L 2288 2.03 4650 2.36 5410 	2.66 6090 .00 2.85 6020 11L 
la 2042 3.02 6165 3.50 7150 	4,00 8170 -1.55 -3163 /1.15 02350 12L 
13L 1858 4.00 7355 4.62 8490 	5.24 9645 -2.85 5240 - .35 - 644 13L 
14L 1668 4.92 8210 5.70 9520 	6.50 10840 4.27 7130 -1.88 3135 14L 
15L 1537 5.80 8920 6.73 10330 7.85 11750 5.60 8605 3.37 5180 15L 
16L 1423 6.67 9500 7.70 10970 8,75 12450 6.86 9770 4.75 6760 16L 
17L 1311 7.45 9760 8.63 11400 9.82 12970 8.07 10580 6.08 7965 17L 
18L 1240 8.18 10150 9.45 11720 10.73 13320 9.15 11350 7.25 8990 18L 
19L 1187 8.73 10180 10.12 11690 11.50 13420 1010 11780 8.25 9625 19L 
20L 1086 9.23 10020 10.70 11620 12.12 13150 10.81 11730 9.15 9935 20L 
21L 1050 9.58 10030 11.08 11620 12.55 15180 11.37 11930 9.85 10235 21L 
22L 1050 9.75 10230 11.30 11870 12.80 13430 11.70 12280 10.30 10820 22L 
22R 1050 9.75 10230 11.30 11870 12.80 13430 11.80 12380 10.50 11020 22R 
21R 1050 9.56 10030 11.08 llesa 12.55 13180 11.70 12280 10.50 11020 2IR 
20R 1086 9.23 10020 10.70 11620 12.12 13150 11.38 12360 10.27 11130 20R 
19R 1167 8.73 10180 10.12 11800 11.50 13420 10.80 12590 9.81 11425 19R 
18R 1240 8.18 10150 9.45 11720 10.73 13320 10.13 12580 9.23 11430 18R 
17R 1311 7.45 9760 8.63 11400 	9.82 12970 9.30 12190 8.50 11130 17R 
16R 1423 6,67 9500 7.70 10970 	8.75 12450 8.30 11820 7.63 10870 16R 
15R 1537 5,80 8920 6.73 10330 	7.85 11750 7.28 11180 6.72 10320 15R 
14R 1668 4.92 8210 5.70 9520 6.50 10840 6.15 10270 5.68 9460 14R 
13R 1838 4,00 7355 4.62 8490 	5.24 9645 4.99 9190 4.58 8420 13R 
12R 2042 3.02 6165 3.50 7150 	4.00 8170 3.90 7985 3.52 7190 12R 
11R 2288 2.03 4650 2.36 5410 	2.66 6090 2.70 4450 2.40 5490 11R 
lOR 2550 -1.02 -2600 -1.19 -3035 -1.35 -3440 1.35 .2600 1.20 -3061 lOR 
Totals- -215,540 	-249,870 	-283,710 	.0231,592 	- 183,316 
: Load 
: at 	: 
: Pt.:Load: 





: M 	1 MP' M MF : 	M t 
• • 
; M : MB" 
: 
10L 2550 3188 	1.12 2857 .98 98 .88 2242 .77 963 10L 
:111 2288 2.50 5725 	2.25 5150 2.02 4625 1.77 4055 1.55 3544 11L 
121. 2042 3.92 8010 	3.43 8805 3.05 6250 2.70 5515 2,38 4860 Ix 
:131 1838 2.18 4010 	4.65 8550 4.15 7635 3.88 6765 3.23 5940 13/ : 
14L 1668 11.50 /834 	2.87 4790 5.27 8800 4.85 7760 4.12 6885 14L 
:151. 1537 -1.10 .1690 01.15 /1768 3.42 5260 5.70 8760 5.05 7760 15/ 
16L 1423 2.64 3760 	.4,50 711 /1.70 02420 3.86 5495 6.05 8815 18L 
:17L 1311 4.08 5340 	2.00 2622 .00 2.08 2725 4.17 5465 17L : 
18L 1240 5.32 6600 	3.43 4255 .1.50 .1860 / .44 /545 2.40 2978 181 
:19L 1167 6.50 7580 	4.70 5485 2.90 3381 -1.12 .1307 71.80 /933 19L 
20L 1086 7.48 8115 	5.82 6320 4.18 4540 2.45 8666 -.73 •793 20L 
:21L 1050 8.32 8735 	8.75 7090 5.20 5480 3.58 3780 2.00 2100 211 : 
221 1050 8.85 9290 	7.40 7765 8.00 6300 4.50 4725 3.00 3150 221 
:222 1050 9.20 9860 	7.82 8210 6.54 6870 5.18 5440 5.78 3970 22R 
212 1050 9.30 9765 	8.07 8470 6.85 7190 5.59 5870 4.32 4540 21R 
:202 1086 9.17 9960 	8.05 8740 8.90 7495 5.78 6270 4.61 5000 202 : 
19R 1167 8.82 10280 7.80. 9100 6,80 7935 5.75 6710 4.66 5435 19R 
:18R 1240 8.33 10325 7.42 9200 6.50 8060 5.58 6918 4.61 5713 1811 
172 1311 7.70 10090 6.93 9085 8.12 8025 5.25 6885 4.42 5790 17R 
:16R 1423 6.95 9900 	6.25 8900 5.50 7835 4.82 6865 4.08 5810 16R : 
15R 1537 6.08 9350 	5.50 8455 4.23 7575 4.27 6565 3.64 5595 152 
:14R 1868 5.18 8850 	4.70 7840 4.18 6970 3.86 6110 3.15 5255 14R t 
13R 1838 4.20 7720 	3.78 6950 3.42 6290 2.98 5480 2.58 4745 13R 
:122 2042 3.22 6580 	2.92 5985 2.62 5360 2.33 4760 1.98 4040 12R : 
112 2288 2.18 4980 	2.00 4576 1.75 4005 1.55 3550 1.33 3044 11R 
:10R 2550 .1.08 -2755 -1.00 .2550 -.88 2242 .•015 -1733 1011 
: 	 : 
Totals - -139,358 	-102,389 	.09,925 	-42,034 	-19,770 
: 	 : 
:Load 	: Point 1? : Point 18 	: Point 19 :Point 20 : Point 21 : Load : 







:Pt.:Load: 	 • 	 : Point: 
10L 2550 .63 160? .51 	1301 	.41 047 .30 	786 .19 	10L 
11L 2288 1.27 2907 1.05 2405 .83 1900 .63 1442 .40 916 11L 
12L 2042 2.00 4084 1.65 	3370 1A? 2595 .98 2001 .62 1267 I2L 
13L 1838 2.70 4965 2.28 4190 1.78 3275 1.38 2539 .90 1653 13L 
14L 1668 3.50 5840 2.85 	4760 2.33 3890 1.78 2970 1.23 2053 14L 
15L 1537 4,28 6580 3.64 5600 2.90 4460 2.27 3490 1.58 2430 15L 
16L 1423 5.20 7400 4.42 	6290 3.60 5125 2,80 3985 2.00 2846 16L 
17L 1311 6.19 8115 5.2? ealo 4.35 5700 3.45 4520 2.53 3315 17L 
18L 1240 4,25 5270 6.28 	7700 5.22 6480 4.25 5270 3.12 3870 18L 
19L 116? 2.57 2995 4.45 5190 6.27 7310 5.20 6060 4.00 4665 19L 
20L 1086 1.98 /1063 2.78 	3017 4.48 4870 6.23 6760 5,00 5430 201. : 
21L 1050 -.38 - 399 11.25 11312 2.90 3043 4.50 4725 6.17 6480 21L 
221. 1050 1.50 1575 .00 1.50 1575 3.05 3800 4.59 4820 22L 
22R 1050 2.40 2520 -1.00 -1050 1 .41 1431 1.82 1900 3.27 3430 22R 
21R 1050 3.04 3193 1.75 1838 - .48 -504 .87 913 2.17 2280 21R : 
20R 1086 3.4? 3765 2.28 	2475 1.08 1172 , .14 	152 1.33 1443 20R 
19R 116? 3.65 4255 2.58 3010 1.53 1784 - .45 - 525 .70 816 198 
188 1240 3.70 4590 2.70 	33E0 1.78 220? .77 	955 1 .22 1273 188 
17R 1311 3.55 4650 2.70 3540 1.90 2400 1.00 1311 - .10 -131 178 : 
168 1423 3.35 4765 2.e* 	3700 1.90 2705 1.12 1594 .30 427 168 
15R 1537 3.06 4710 2.38 3660 1.77 2720 1.14 1753 .42 648 158 : 
14R 1868 2.62 4370 2,07 	3455 1.54 2570 1.00 1668 .42 701 14R 
13R 1838 2,15 2955 1,72 3162 1.32 2425 	.84 1543 .40 736 13R : 
128 2042 1.68 3430 1.33 	271? 1.06 2165 .69 1410 .3? 756 12R 
11R 2288 1.16 2658 .92 2106 	.75 1718 	.53 1213 .28 841 11R : 
1OR 2550 	58 1480 	46 - 1173 .38 -970 .2? -689 - .14 -35? IOR 
Totals 	/1511 	116,899 	128,271 	136,032 	144,077 
: Load : 
: 	At 	: Load 
:Point : 







: 10L : 2550 :ft .09 : ii 230 : 
: LIL : 2288 ; .19 : 435 : 
: 12L : 2042 : .32 : 654 
: 13L : 1838 A .50 : 919 : 
: 141, : 1668 .: .87 : 1117 : 
: 151, : 1537 : .86 : 1322 : 
: 16L : 1423 $ 1.83 : 1750 : 
: 171 : 1311 : 1.66 : 2175 : 
: 18L : 1240 : 2.20 : 2730 : 
: 19L : 1167 : am : 3380 : 
: 20/, : 1086 : 3.72 : 4040 : 
: 21L : 1050 : 4.80 : 5040 : 
; 22L ; 1050 : 6.13 t 6435 : 
: 22R : 1050 : 4.70 : 4935 
it 21R 9 : 1050 : 5.48 : 3655 : 
: 20R : 1086 :2.52 : 2717 : 
: 192 : 1169 : 1.78 : . 2075 : 
:18R :1240 :1.20 : . 1488 
: 17R : 1311 : .78 : 1022 : 
: 162 : 1423 : .46 : 655 : 
: 152 ; 1537 .25 : 385 : 
: 14R : 1668 ; 
• 
41f .10 : li 167 : 
:13R :1838 : 0 : - : 
: 122 : 2042 :- .07 : - 143 : 
:11B :2288 : .10 : 229 : 
: 102 $ 2550 :• .05 : ur. 128 L 
46,826 
Components of Reaetions Due to Dead Load. 
VI 43,528# 
: Load : 	D.Z. : RN : H t 
: 	at 1 : : t 
:Point : : : . . 
10 : 2550 c .055 : 135 • .
. . 	11 : 2286 c .108 c 244 : 
: 12 : soot : .158 : 325 : 
: 	15 . : 1838 : .209 : 384 • . 
. 14 c 1688 : .258 : 431 : 
: 	15 . c 1537 • : .397 : 472 : 
. 	18 : 1423 : .351 : 500 : 
. 17 :.1511 : .391 : 511 : 
18 : 1240 : .430 : 534 : 
19 : 1187 t .480 : 538 : 
: 	20 : loee : .485 ; 528 : 
21 : 1050 : .15115 : 530 : 
: 	22 : 1050 : .511 : 538 t 
5882 a 2 a 11,334# 
NORMLL THRUSTS DUE TO DEAD LOAD 
Point 1 
N a V cc-43,528 
Point 2 
N z 43,528 - 4880 = 38,840# 
Point 3 
N is 38,848 -1850 = 57,190# 
Point 4 
• = 37,198 -1800 35,398# 
Point 5 
N z 35,398 -1950. 35,4440 
Point 8 
N g 33,448 -2110 a 31,338# 
Point 71 
N 51,338-2260 = 
Point 8 
N = 29,078..2405 a 57.875f 
Point 9 
N = (27,875-2560) .7111(11,534x.71)= 25,850 
(Sines components of H and V at 45° make up N) 
Points 10-22 
N = H. a 11,334# 
TEMPER■TUEE STEMMAS 
C 	.0000085 
t a Ao or 6.30 
1 	81 
E WOW= of elasticity of concrete • 144x2,000,000=288,000,000 
lbs./sq.in. 
• 3 ft. 
H s Fet1 
H = 1 288,000,000 x .0000065a50x81 a 238 
H 0 
3x10,547.52 
- 	288,000,000 x 4000065700i81 144 
3x10,547.52 
:Point : Y : •••Hy : 0Hz 
AL : 4.0 : .955 : 0 576 : 
3 : 7.0 : -1665 : 01008 : 
4 : 10.0 : -moo : 01440 • .
5 : 13.0 : •aolm : 01875 : 
6 : 160 : ..3810 : paos : 
7 : 19.0 : 0.4885 : PM : 
8 : 22.0 : .5840 : 03170 : 
9 : 25.0 : -5990 : /5600  
10 : 25.89 : -4190 : 0373D : 
11 • . 26.16 : -6830 : 0376k : 
12 : mot : -6290 : imao : 
15 : 26.65: -6350 : 03840 : 
14 : 26.84 : 4-6400 : 0 3867 : 
15 : 26.98 : -6425 : 03885 : 
16 : 27.10 : -6450 : /3905 : 
17 : 27.22 : .4490 : 03920 : 
18 : 27.30 : .43810 : 03935 3 
19 : 27.30 : -6520 : 05942 : 
BD : 27.46 : -6540 : 03958 : 
21 : E9.50 : -6550 : /3968 
22 : 27.50 $ fi06550 : /3962 
Points 2 to 8 N 0 0 
Points 10 to 28 
0 /H 238 
AV a +5 a 144 
Point 9: ON 144x.71 . 4402, -Nu :1238r.71 /169 
EARTFI PRIIESURE RT. 
t 	3Verti- :Verti- : Earth Pressure Right 	:Nor. : Yom : Sub- : 
:Pbintteal Die-:eal Dia-: 	Horizontal Loads 	:Diet. : H = : Total: 
: 	:tame :tame Be- loads: Sum of:Ino.of: 	Partial:Fran : Vx : Ma /Mlb : 
: :from 0 
07----- 0 
al 	.5 
: IR 1.0 
:X2 	2.5 
: ER 4.0 
:X3 	5.5 
: 3R 7.0 
:14 	8.5 
: 4R 10.0 
:15 	11.5 
: 5R 13,0 
:26 	14.5 
: 6R 16,0 
:27 17.5 
: 7R 19.0 
:18 20.5 
t 8R 22,0 
:59 23.5 
: 9R 15,0 
: IOR 85.87 
:110 26.02 
: 11R 26.16 
: 12R 26.42 
: 13R 26.65 
: 14R 28.84 
: 15R 26.98 
t 16R 27.10 
: 17R 27.22 
: 18R 27.30 
: 19R 27.38 
: 20R 27.46 
: 21R 27.50 
: 22R 27.50 
: EEL 27.50 
: 21L 27.50 
: 20L 27046 
: 19L 27.38 
: 18L 27.30 
stween . : Loads: *06 : Mon A 
05 12,184 12,184 6,092 6092 
.5 2,044 10,140 5,070 /11162 
1.5 10,140 15,210 /26572 
1.5 2,205 7,935 11,890 038262 
1.5 7,935 11,890 050151 
1.5 1,935 6,000 9,000 /59151 
1.5 6,000 9,000 /68152 
1.5 1,665 4,335 6,525 /74;677 
1.5 4,335 6,525 MAO 
1.5 1,395 2,940 4,410 /85612 
1.5 2,940 4,410 Pcout 
1.5 1,125 1,815 2,720 092742 
1.5 1,815 2,720 095462 
1.5 855 960 1,440 /96902 
1.5 960 1,440 /98342 
1.5 585 375 563 /98905 
1.5 375 563 /99468 
1.5 315 60 90 /99558 
.87 60 52 /99610 
.15 60 9 /99619 


















17L 27.22 	 1 
: 16L 27.10 /99619 
: 151 26.98 	 /99619 
: 14L 16.84 /99619 
: 13L 26.65 	 /99619 
: 12L 86.42 099819 



























































EARTH PRESSURE RIGHT (Cont'd.) 
11L : 26.16 •  . : : iii;ifirig7:13,0,250 :07,360 : 
: 10L : 25.87 : . : : : 099,619: 78:-95,940 :02,679 : 
: 	9L : 2560 : . : : 099,619; 81:-99,619 : 	: 
: 81 : 82.0 . . : 	: : 099,619: 81s-99,619 : 
: 	71 : 19.0 : : : : 099,619: 81:4.99,619 : 	: 
6L : 16,0 : : : : 099,619: 81:-99,619 : : 
: 	51 : 13.0 : 	: : : 099,619: 81:.99,619 : 
: 41 $ 10.0 : : : : 199,619: 81:-99,619 : 	: 
: 	3L : 	7.0 : 	: : : 099,619: 81:.99,619 : 
: 21. : 4.0 .. : ., : : 099,619: 81:-99,619 : 	: 
: 	11, : 	1.0 : $ 	; ; : 0996619: 83:41.1419 : : 





Vi VI. 7, 12 6184x8633 g 1250 # 
81 
Points 2 to 8 
N=V: 1429 
Points 10 to 22 
N = H g 1852 
Point 9L 
N (i71x1852)0(01x1429) g 02330 
Point 9R 
N = (.71x1852)-(.71x1429) / 300 
t 
RAMS PRFSSUFS 81 GIRT - Coat 
: Point : Y 	: • : Hy 'Do tea 
• • • Mama 
: 1R 1 
213 4 4.51 43,500 - 7,408 /42,744 
: 3R 7 5.80 82,300 -12,964 055,188 
: 4R 10 7.32 111,000 -18,520 ,882 
t 5R 13 9.76 120,000 -24,076 /65, 946• 
6B 16 11.86 128,800 +29 1 652 /65, eao 
t 7R 19 14.20 130,700 -35,188 /65,154 
8R RA 17.10 128,000 .40 , 744 7158,724 
: 9B 25 19.96 121,800 .46 p 300 x,510 
10R 25.87 14.14 175,300 -48,000 7k7 , 929 
1111 26.16 9. T9 846,200 .48,400 1143 ,23 
12R 26,42 6.87 340,500 -49,000 /39,549 
: 138 26.85 4.90 461,500 -49,400 055,49 
14R 26.84 3069 591,000 .49 p 700 1131,469 
t 3511 26.98 2.85 733,000 -50,000 087 ,479 
t 168 27.10 2.23 897,000 -50,200 /23, 589 
: 17R 37,22 1.70 1,122,000 -50,500 /19 , 599 
: 18R 27.30 1.53 1,183,000 -50,600 /15 , 809 
19R 27.38 1.25 1,373,000 -50,700 1112,019 
: 208 27.46 1.00 1,680,000 .50,900 8 , 129 
: 2113 27.50 0.89 1,710,000 451, 000 339 
: 228 27.50 0.89 1,597,000 81,000 649 
EEL 29.50 0.89 1,480,000 -51,000 a. 3,041 
t 31L 27.50 0.89 1,368, 000 .51,000 6,731 
: 201. 27,46 1.00 1,113,000 .50,900 .410, 5a1 
191 27.38 1,25 808,000 •40,700 -13, 811 
18L 27.30 1.53 593,000 -50,600 -17,401 
t 171. 27.22 1.70 472,500 60 ,500 -20,991 
: 16L 27.10 2.23 314,000 -50,200 434,591 
15L asos 2.88 809,500 -50, 000 .47,871 
141 26.84 3.69 134,200 -49,700 -31, 861 
: 13L 26,65 4.90 80,250 -49,400 .44,651 
t 121. 26.42 6,8? 42,500 .49,000 -37,941 
11L 26.16 9.79 19 # 680 .48,400 -41,031 
10L 25.87 14.14 6,740' .48,000 -44,321 
: 9L 25 19.96 -46,300 .46,300 
81 22 17.10 -40,744 .40,744 
t 73, 19 14.29 -35,188 -55,188 
61 16 11.86 -29,652 -29 ,632  
5L 3.3 9.76 •24,076 -44,076 
4L 10 7.32 -18,520 18,520 
t 3L 7 5.80 .42,964 +42064 
EL 4 4.51 7,408 7,408 
IL 1 62.06 1,852 
ti 19,559,970 
194 559,970  z 1852 
10547.52 
LIVE LOAD MOMENTS 
Roadway width 29'0° 
Typieal H-80 equivalent loading. 
Impact r 50 	w 50 
1T1725 1137-6p 
24% 
Load per sq. ft. 	690 z 1.24 • 88.3k 
9 
Excess concentration w 18000 	x 1.24 w 2,480k 
9 
In applying, this loading the areas under the influence lines 
for the loaded length of the structure were determined and multiplied 
by the amount of the uniform load. To this was added the moment due to 
the effect of the @mess concentration. In all eases, the load was 
placed so as to give the =Min= conditions of loading. 
Thrust factors NI, are V for points 2 to 8, and H for points 
10 to 22. For point 9 it is the ma of the components of H and 
V at 45° . 
The areas under the carves a. well as the individual values 
of the curves at certain points are tabulated under the headings MF 
and F. The areas under the curves are the summations of the values 
at the panel points so the product of MF and load per square foot must 
be multiplied by 3 to give correct results, since each center of division 
has the load from 3 lineal feet of bridge. 
: 	 : 	Point 2 	 : 	Point 3 	 . . 
: :N 	: m : NY 	: 	N : WIF : 	M 	: 	NF : 	N 	: 
:Load 	 : 	. . 	:  
: U.L.L. : -3342 :-8855 : 13.50 : 3576 :-59.26:-15,608:13.50 : 3576 t 
:  C.L.L. : - 207 :-5134 : 	.50 : 1240 t- 3.60t. 8,928: .50 : 1240 $ 
:Tots/ 	t 	:-13987: : 4816 : 	:-24L,626: 	: 4816 : 
: 	 : 
: I 
t 	 t 
: 	:  Point 4 	 : 	 Point 5  
: Load 	:WY 	: II : NF ; 	N 	t MF 	: 	M 	: 	NF 	: N :  
: U.L.L. .84.48 -22,379 13.50 3576 -109.94 •29,123 13.3I 35.76 : 
: C.L.L. . 5.15 -12,772 .50 1240 	- 6.70 .16,616 	.50 12.40 :  
:Tota1 	 .55,151 	4816 .45,739 48.16 t 
. . 
I Load : Point 6 	 • .	 Point 7 	 :  
: 	: WF 4 	M : lue 	: 	N t M7 : 	li : 	N7 : 	N  
t D.L.L. •135.10 -35,788 1350 3576 -160.72 -42,575 13.50 3576 : 
:  C.L.L. - 8.23 -20,410 .50 1240 -9.78 .24,254 	040 	1240 I  
:Total 	 -56,198 	4916 	.66,829 4816 I 
t 	 t 
: Load :  point 8 	 : 	 Point 9 	 : 
. . 	 8 WF 1 	M : NF 	: 	N 	: WY 	1 	M 	: NF: 	N 	: 
: U.L.L. -186.16 .49,314 13.50 3576 .211.34 -55,984 15.37 2240 : 
: C.L.L. - 11.35 .28,148 .50 1240 .1 ■ 12685 -31,868 	.71 1754 : 
:Total 	 -77,462 	4816 	 -87,852 3994 : 
: 	 . . 
:Load 	Point 10 	 : 	Point 10  
: 	 14F : 	M : NI : 	N : WF : Id 	: 	NF : 	N 	:  
: U.L.L. :.-182.11 .48,241 8041 222? I 1.50 /397 .05 13 : 
	
C.L.L. :- 11.85 -29,388 .51 1265 / 1.50 /3720 	.05 	124 t  
:Total 	 -77,629 	3492 	 /4117 137 	• .
:Load 	 Point 11 Point 11  
: M 	NP : 	N 
	
11372 .32 83 
0572 	.11 	273  
7944 358 
 
: MF 	M : NF 	N : MF 
U.L.L. :-151.77 -40,204 8.14 2158 05.18 




















&I": 	m 	: 	NF  
/167E71712 .78 







-56436 3300 /12464 603 
: Load 
: 
Point 13 • . Point 13 



















-47,280 3318 015,630 810 
:Load Point 14 Point 14 

















-39,112 3075 /118524 1027 
1 
: Load 
: 	Point 	15 Point 15 



















-31850 2855 20960 1369 
Load 	:ME' 
Point 16  




N : MN' : 	M 	• 104 N 
	
: U.L.L. :-49.57 -13131 5.74 1520 30.52 085 2.72 	721 
t C.L.L. -4.72 -11706 .48 1140 / 6.05 /15004 	.35 889 :  
-2483? 	8660 	 3089 1590 
: Load 	: 	Point 17 	 : 	Point 17  
: 	: MP : 	M : , NF 	• N 4 UP : 	M : 	VP : 
CT•L.L.-T6WC:-9613r:r Fr---3.3903,93 3.21 
: C.L.L. - 3.68 -9126 .48 1140 / 8.19 /15351 .39 




Load 	:  Point 18 
	
: Point 18 
• 	 :MF 	: NF :N:Mr: M 	NF : N 
: -24.49 .•6487 405 1260 36.4317055---770. 	985 




: Load :  Point 19 
1 MP : M : 
-15.49 -4103 
- 1.93 -4786 
-8889 
Point 19 
IF : N 	MY : 	NF : 
3.72 986 '38.25 /10,132 4.74 
.39 968 	6.27 15,550 	.46 
1954 /25,882 











   
Load 	 Point 20 	 Point 20 
: mr 	m t NF N 	NF 	M : NF : N 
: U.L.L. - 7.81 -2069 3.22 854 /39.65 /10503 5.24 1390 : 
C.L.L. - 1.15 -2852 	.35 889 	/ 6.23 15450 	.49 1215 
-4921 1723 /25,953 2805 
Point 21 : 	 Point 21 
: Load : MI 	: : 	NF : 	N : MY 	: M : la : N 
: 13.1.1a-2.43: -644 : 1.84 1 486 4460.0241(10601 : 6.62 : 1755 
: 	.43:•-1064 : 	 .26 : 645 : *51 : 1265 
: -1710 : 
std 617:p5302 
:1133: 	. 	903: : 3020 
: : : •  
. . : 
: 	; : : 	: : : 






 	Point 22 
N 	: NY : 
•58 : .54 	: 



















































SUMMARY OF MO/aNTS AND THRUSTS 
Loading Point 2 Point 3 
: 	M 	 N M N 
:Dead 
:Earth ._-ress. Rt. 











: Sub-total -8,440 /38,848 - 37,288 /37,198 
:Live ,1 
Live -13,987 	4,816 -24,626 4,816 
:Temperature 7' 576 7' 1,008 
:Temperature - 953 - 1,665 
: 
:Max. Total 	- -23,380 	43,664 .63,579 42,014 
Point 4 Point 5 
:Loading :M 	: N : 	 M 
: Dead -113,282 	35,398 -147,420 33,448 
: Earth Press. Rt. 7' 62,882 - 1,429 7' 65,946 - 1,429 
: Earth Press. Lt. - 18,520 	1,429 24,076 1,428• 
: Sub-total -69,120 P5,328 .105,550 33,448 
: Live / 
: Live - -35,151 	4816 .45,739 4,816 
: Temperature / 1,440 7' 1,873 
: Temperature - - 2,380 3,095 
• 
:Max.Total - 106,651 	40,214 -154,384 38,264 
: Loading 
: 	Point 6 Point 7 
: 	 M N M N 
: Dead -180,960 31,338 -215,540 29,078 
:Earth Press.lit. 7' 65,830 - 1,429 63,154 -1,429 
:Earth Press. Lt. 29 637 1 429 - 35,188 1,429 
:Sub-total -144,762 31,338 -187,574 29,078 
:Live 7' 
:Live - 56,198 4,816 - 66,829 4,816 
:Temperature / II 	2,335 / 	2,735 
:Temperature - - 3 810 - 	4 525 
7' 
:Max. Totals - - 204,770 36,154 -258,928 33,894 
SUMMARY OF MOMENTS AND THRUSTS - Cont'd. 
: Loading 
:Dead 







: 	Point 8  
I M 	 N 
-249,870 	27,673 
/ 58,724 - 1,429 


















:Max.Total -314,592 32,489 -370,5/2 32,643 
Loading • Point 10  Point 11 
M 	: M N 
Dead .251,592 11,334 .483,316 11,334 : 
Earth Press. Rt. /47,929 1,852 43,839 1,852 
Earth Press. Lt. -44,321 1,852 - 41,031 1,852 
Sub-total -•22,984 15,038 -180,508 15,038 
• • 
Live / / 	4,117 137 / 	7,944 358 
• Live . - 77,629 3,492 - 66,368 3,423 
Temperature , 1 	3,730 144 / 	3,762 144 
: Temperature - 	6,160 238 6,230 238 
: Max. Total 	- -311,773 18,768 -253,106 18,699 
:Loading : 	Point 12 Point 13 
M N N 
Dead 
Earth Press. - Rt. 





















-137,750 15,osa .•01,571 15,035 
.11■ 
• / 12,464 603 1 15,630 810 
- 56,436 3,300 - 	47,280 3,218 
/ 	3,810 144 / 3,840 144 
. 	6,290 238 - 	6050 238 : 
-200,476 18,576 - 155,201 18,494 • 
:Dead 
:Earth Press.Rt. 





:Temperature 7  










SUMMARY OF MDMENTS AND ThmubTS -Coat' d. 















15,038 -42,426 15,038 
; 1,027 120,960 1,369 
3,075 -31,450 8,855 
144 1 3,885 144 
238 - 6,425 238 
18,351 -80,501 18,131 
:Loading 	: Point 
M 
:Dead 	 -19,770 
:Earth Press.Rt6 	123,589 
:Earth Press, Lt. ••24,381 
Sub-Total 	.20,562 
:Live / 	 /23089 
:Live .; -24837 
:Temperature 	1 3905 
:Temperature - - 6450 




: 11,334 11511 11,334 
1,852 /19599 1,852 
1,852 -20991 11852 
15038 1119 15038 
1,590 124,244 1818 
aosso -18,739 8530 
144 3,920 144 
238 - 6,490 238 
16,772 128,283 17,000 




:Earth Press. Rt. 







: Max, Total 
: 	Point 18 Point 19 
M : 	 N ' 	M 
116,899 11 6334 128,271 11,334 
/15,809 1,852 /12,019 1,852 
-17,401 1,852 -13,811 1,852 
115,307 15,038 126,479 15,038 
/25,224 2,052 /25,682 2,400 
-13,233 2,327 - 8,889 1,954 
/ 3,935 144 /3,942 144 
- 6,510 -6,520 238 
144,466 17,234 156,103 17,582 
- 4,436 17,603 
SUMMARY OF BODEMNTS ANDTHNOSTS - Cont' d. 
Loading 
Point 20 Point 21 
11 N 
:Dead :1 36,032 : 11,334 4144077 : 11,354 
:Earth Press. Rt. 41 	8,1E9 : 1,858 :A 	4339 : 	1,852 
:Earth Press. Lt. - 10,321 : 1,852 •- 6731 1,852 
Sub-total :f 33,840 : 15,056 4141685 15,038 : 
s 
:Live A 55,953 : 2,605 :A 25903 s 	3,020 
:Live 4,921 : 1,723 :- 	1710 : 1,133 s 
:Temperature A :A 	3,958 : 144 ;/ 	3962 144 I 
:Temperature P■ 	6,540 : 258 : 6550 : 
65,751 : 17,787 71550 : 189aol 
Max. Total - 





 Earth Press. Lt. 
Sub-total 




: A 46,826 : 11,334 	1 
: A 	649 	1,852 : 
: -  5,041 : 1,852 	. . 
:7744,434 : 15,038 	: 
: 	 • .	 : 
: A 25,941 : 3,566 	: 
: - 	306 f 	416 : 
; / 3,962 : 144 	: 




: Temperature A 
:  Temperature 	 
Max. Total - 
 
  
: A 74,337 : 18,547 	: 
     
DESIGN 07 SECTIONS 
:Point: 
: 	Moment : 	e 	: 
	





t 2* : 
a 
Ft.Lbs.:Inab Lbs.: 	N 
: Pounds: 
a :.83,580 :-280,300 	: 43664 : 	6.43 44 	: 42 26.43 
: 	3 : .63,576 :.763,800 : 42014 : 18,17 48 : 46 40.17 
: 4 :406,651 :4,278,0001 40214 : 31.77 52 	: 50 55.77 
: 	5 3154,384 :4,852,0001 38264 : 48.40 56,25: 54.25 74.53 
: 6 :.204,770 : ■2,459,000t 36154 : 68.05 60.25: 58.25 96.18 
7 :.258,928 :-3,110,000: 33894 : 91.80 64,25: 62.25 121.95 
: 	8 t-514,592 :-3,757,000: 31689 :115.40 68.25: 66.25 147.52 
: 9 370,512 P-4e449,000: 32643 :136.20 72.00: 70.00 170.20 
: 10 p-311,773 P.5,740,000: 18768 :199.40 64.00: 62.00 229.40 
: 11 p•53,106 :-3,038,000: 18699 :162.50 57,00: 55,00 189.00 
: 12 t-200,476 ;4,458,000: 18576 :132.50 50.50: 48.50 155.55 
b-155,201 :-1,863,000: 18494 :100,70 45.00: 43.00 121.20 
: 14 :415,219 P.1,382,500: 18351 t 74.40 40,50: 38.50 92,65 
: 15 t- 80,501 966,000: 18131 :53.25 37.00: 35.00 79.75 
: 16 Ps 51,849 - 	622,500: 17938 : 34.70 34.00: 32.00 49,70 
: 16 41 	6,452 :/ 77,180:16772 ; 	4.60 34.00: 32,00 19.60 
: 17 p. 25,110 b. 	301,500: 17808 t 16.93 31,00: 29,00 30,43 
17 41 28,283 / 	339,600: 17000 : 19.97 9 31,00: 29.00 33.47 
18 t. 	4,436 it 	53,270:17603 I 	3.08 29.00: 27,00 15.52 
1 18 W 44,466 %I 
	
533,500: 17234 : 30.90 29.00: 27.00 63.40 
: 19 44 56,103 W 	674,500: 17582 : 38.35 27.00: 25.00 49.85 
: a, W 63,751 41 	765,500: 17787 : 43.05 25.00: 23.00 53.55 
:21 4471,550 41 	859,000: 18202 :47.15 24600: 22.00 57.15 
: 22 :II( 74,337 44 	892,500: 18547 :48.10 24.00: 22,00 58.14 
WI t11 OF SBOTION8 
: Point: 0 : 	K. : to 	: 	fa : Requir-: Required : r 
: : 	d : 1.14' : Pounde :Pounds Per: ed 	: As 8q.Ins.: Point : 
: : b4 : Per Sq.In.: S. In. ; 	P : Per Ft. 	: : 
) : . : : : : ; Width : : 
: 	2 : 	.63 : 	540 : 400 : 18000 : 2 : 
: 	3 : .87 : 66,2 : 550 : 18000 : : • . 3 . . 
: 	4 ; 1.11 : 74.5 : 530 : 18000 :.0009 : .54 • 4 : 
: 5 : 1.37 : 80.5 : IWO : 18000 : .0017 : 1.11 5 . 
: 	6 : 1.65 : 85.4 : 66, : WOW : oomot : 1.68 : 6 : 
1 	7 : 1.96 : 88.9 t 660 : 18000 : .0050 : 2.24 : 7 : 
: 8 : 2,23 : 01.1 : 660 : 18000 : .0032 : 2.52 ; 8 : 
: 	9 : 2,43 : 94.5 : 680 : 16000 : .0037 : 3.11 : 9 : 
: 10 : 3.76 : 9449 : 630 ; 18000 ; .0044 : 3.28 : 10 : 
: 11 : 3.44 ; 97.5 : 700 : 18000 ; .0046 ; 3.17 : 11 : 
: 12 : 3.21 404.3 : 710 : 18000 : .0044 : 2.56 : 12 . • 
: 13 : 2,62 :101.0 : 710 : 18000 : .0042 : 2,17 : 13 t 
: 14 : 2,40 : 9544 : 680 : 18000 : .0037 : 1.71 : 14 t 
: 15 t 2,28 : 9845 : 700 : 18000 ; .0039 : 1.64 : 15 : 
:-16 : 1,55 : 71404 : 575 : 18000 : .0018 : .69 : 16 
:116 : 	.61 : 2646 : 330 ; 18000 : 	- : - : 16 
:4•17 :1.05 :53.7 : 725 : 18000 : .0010 : .35 t 17 
4417 : 1.15 : 56.2 : 500 : 18000 : .0007 : .25 : 17 : 
:-18 : 	.58 : 31.5 : 350 : 18000 : 	- : - 3 18 : 
:118 : 2.34 4124.15 : 800 : 17500 : .0050 : 1.62 : 18 : 
t 19 : 1.99 :116.5 : 780 : 18000 : .0040 i 1.20 : 19 : 
: 	210 : 2.33 :150.0 : 800 : 12000 : 	,00910 : 2.48 : 20 
1 21 : 2.60 :179.3 1 800 : 8000 : .0181 : 4.78 : 21 : 
: 22 : 2.64 :185.5 : 800 : 7000 : .0210 : 5.30 : 22 : 
C/ear .5 an- 7c-lC" 
ELEVA770N 





Za71//29: r/p/ed /-1-2a /rnioaci /Wowed 
Concrele: 	 Ala,r/morn size of 
aggregate, /4"" 
/-/ ../›.710romg of .5Iee/ Ii--6- 
Chamfe." a// expec.1 eayes '4;a/2Z:5i /vied 
Bacif- lace 01 ve.-/ ca/ /e95 spade bk.:5h 
0/her parii rated 1/.2/:.5% 
5rm. abaci/ h-baa/kw_:--1 
PLAN 
GASCHOOL OF TECHNOLOGY 
PLAN AND ELEVATION 
RIGID FRAME BRIDGE 




.9" c /a c 	 
/4 0.; e 
c/o C. 
HALF END ELEVATION 
.5-yErchl shotwo. Threkve:5 -5 or RIB 
A✓ scab 
GA. SCHOOL OF TECHNOLOGY 
DETAILS OF 
RIGID FRAME BRIDGE 
_5cde 	 Jane /932 
rp- 
--r- + Tr, 
B 
824. 
12'L'i 	w rcubi- Cro n
	 FC'encres,̀ , 	P'vin 
kg -3' 	klb A 
/4 - ??-91 garosi 2 -19' 
cJo c.  
cR /8 
HALF SECT AA 
/4 *05 	rla c. 
ff 7" 









r.:* 220 -c/0 
/looked oroand 
be bars, "op a 
6 ablv.77 
/4 as &? /4 c /z) c 
HALF SECT 5-8 
dors may h /creed 
a /aa of 40 ar•om-
e.e.3- /,5" n6/a/ix.-.01 
HALF ELEVATION 
/fey Join/ 






-1 ';2(.5C2-1 1-cic 
77.• Rad.3 . 
9=0' 
QUARTER PLAN 




As mentioned before, the rigid frame brid7e is no longer 
a mere experiment. Before the practicability of its design could be 
assured many tests were carried out. The 7astchester County Park 
Commission instigated a great number of these tests and the results 
have influenced the development of the design greatly. 
Probably the first question to be raised by those who 
were skeptical as to the safety of the type was the problem of the 
stress conditions around the knee, that is, around the bend at the 
juncture of the vertical leg and the rib proper. In answer to the 
question, a number of laboratory tests were made on right angled 
knees of reinforced concrete. It was found that the detail had 
sufficient safety but also that a peculiar situation existed. The 
greater the lord that was applied the closer the neutral axis in the 
concrete approached the inside of the knee. As can be seen, this would 
call for an extremely high compression in the concrete - in fact, 
one that would be prohibitive. This peculiar location of the axis 
was verified by photo-elastic analysis also. There remained then the 
task of corrolating these two facts; that the detail was safe, and 
that very high compressive stresses were produced. The explanation of 
this, however, is that the compressive stress which concrete can be 
depended upon to carry is a great deal higher if the pressure comes 
from all sides at once. In other words, the concrete at the knee of 
the rigid frame is subjected to a confined stress. In ordinary compression 
tests on concrete specimens, the failure is always due to shearing off 
of the specimen on an inclined plane. If this specimen were compressed 
23 , 
on all faces with equal forces a very high compressive stress would be 
indicated. Some bridges have been constructed using filleted knee 
joints in an attempt to move the neutral axis farther from the cora-
pressive face, but since the unfilleted knees have proven their 
safety and their appearance is more pleasing, the fillets are not used 
very often. 
The deformeter method of analyzing the behavior of highly 
indeterminate structures has yielded very gratifying results. The 
procedure is to construct a flat model of the structure from some el-
astic material, making the death of any section in proportion to the 
cube root of the gross moment of inertia of the corresponding 
section of the original structure. 	Then deflections of known magni- 
tude are caused at one section of the structure and the relative 
deflection at other sections studied. Men the pro ,Der apParatns is 
available this method is extremely satisfactory and results can be 
obtained in close agreement with the laborious mathematical results, 
et a great saving in time and trouble. Filar micrometer microscopes 
are necessary as well as specially constructed plugs and plug bars for 
causing deflections. It should be noticed that, in all cases, the 
gross moment of inertia is used. The reason for this is that the theory 
of the desip.n depends on t he flexure in the structure and the flexure 
is caused by the action of the whole cross-section and not by occasion-
al sections where the moment of inertia is lens. APnlied to a rein-
forced concrete bridge this neans that the flexure is caused, not by an 
occasional cracked section, but by the flexure due to tension and com-
pression of the Whole cros•-section. 
Two concrete models rrere constructed by the tq'onx Parkway 
24. 
Come.ission and loaded to destruction. The safety of the design was 
nrover by the fact that stresses of 79000 and 1900 lbs. ner sc. 
in. in steel and concrete, respectively, were calculated at the 
point of failure. The failure occurred at the center of the crown 
since tee aoelied load was concentrated at feet point. An additional 
factor of safety was noticed in these field models that is both 
interesting and valuable. Ueon failure of the concrete in comnreesion 
at the crown, the structure did not fall but continued to support the 
load acting then as two half arches, hinged ct the crown 	the 
action of the steel at that point. This additional factor of safety, 
it can easily be seen, is most desirable and is a characteristic not 
possessed by the sinple been type of bridges. 
The naidel constructed by the writer was desired as a free end 
rigid frame. It has a clear span of 9*-4" and a height of approximately 
6 9 -0" from bottom af footings to top of rib. It was designed to carry 
live loads of 1000 lbs. at center of esen and 1000 lbs. at Points 3 ft. 
on each side of the center. These loads were arbitrarily assured since 
it was thou7ht that these conditions could be realized with the facili-
ties available for loading the bridge., Several pictures made of the 
bridge during and after construction are included. The model was wade 
with a width of 1 ft. since the tests could be wade on a 1 ft. wide 
model as well as on a wider one. 
A hole arr=i:ee ely 5 ft. wide, 12 ft. long and 5 ft. deep 
was dui in which to construct the bridee. This was done for two reasons; 
first, to permit easy placing of the ar roach fills on the ends of the 
hridee; and second, to facilitate -pouring the concrete rithcut the Use of a 
rano or other such device. The earth at Ue olds of the structure was 
dug back ar -lroximately 5 ft. at both ends so that the earth could be 
-.Eickfil]ed and actual structural conditions Similated. 
The next Problem was that of devising a -- ethod of loading the 
brid-e. To do this it was decided to contract the bridge with two 
4"x6" timbers running under the footings from one footing to the ether. 
.Tjnder these timbers, at the midpoints, and at 3' each ride of the 
-r:lidpoint, 3/4" 0 cables of sufficient length to form a loop over the 
top of the rib were placed. The two ends cf the cable could be cleaned 
together forming a continuous loo:i under the ti  ethers and over the brid:F . 
A jack-t7pe lodoLeter was to be used between the cable and the. top of 
the rib. `hen when the jech was used egainst the cable it was eouivr:lmt 
to a load being a -o7;lied to the brid!7e, and the amount of the load could 
be determined. Fib-. 10 '71'raows a sketch of this arrangement. 
5]train gauge measurements ',;ere to be taken pith telemeters 
so it was necessary to place telemeter pluc. s at the desired pofrts in 
the bridge. This is accomplished by screwing the plugs to spacer bare, 
or templates, et the required distance apart and fastening the spacer 
bar into the 'f'a_ce of the form at the spot where measurements are de-
sired. Seven sets of telemeter slugs were used on the model. The 
fleeing of these plugs is shown in Pig.r1. It can be noticed that two 
sets were used at the knee on one side of the bridge. This was to measure 
the relative stresses at two poirts in order to determine the position 
of the neutral axis at tie :.nee. 
The conditions of the footings caused by the use of piles is 
sore'ftat a natter of speculation. Of course, complete fixity as in the 
ca=le of anchore7e to rock cannot be assumed but some fixity does occur. 
":,(6. 	7.:6" 
2 4"X6 
X filer 2- - *5%6 Bolts 
\ A 
PLAN 
x //28" Timbers 
• 	 'Of 84/6, threi 
4-4 foot/n9 a -4 ;4-x " 
Lodoneler,1 


















F'LACINC OF TELEMETERS 
F/GURE 1/. 
26. 
The amount of this restraint and its effect on the stresses being 
problematical, it was desired to make an attempt to determine whether 
restraint from timber could be assumed. The fact that timber is more 
flexible, having a lower modulus of elasticity, makes it a matter of 
question whether or not the footing is allowed to deflect before the 
calculated moment necessary for restraint is developed. A 4"x8" 
tinber about 7 ft. long wa's 'placed under each footing extending about 
5 ft.back under the an -nroach fills. A plate was placed under this timber, 
thru which 2- 5/8" 0 bolts extended up thru the footing. A set of 
tests could then be run with the bolts free, the bond having been 
kept from the bolts by using tin cylinders around them. Then by 
screwing nuts on the bolts down tight the timbers exert a restrain-
irk monent and ancther set of tests could be run and the results com, 
pared. This can also be seen in Fig.lO. 
The bridge model was poured in the same order as one of 
larger proportions would be poured. The footings were poured as the 
first operation; key joints being made at their tops. Then the verti-
cal legs were constructed with the tops stepped off as shown on the 
details of the model. Then the top of the frame forms the last 
operation. 
The complete design, including all calculations relative 
to the bridFe model are included. The procedure is similar to that 
shown previously for the 81'-0" frame. It may be noticed that 
reinforcing was placed in the soffit fibers of the vertical legs, 
although no tension was calculated at this point under the design 
assumptions used. Jlowever, if the partial restraint at the footings 
Yertica/ Ley Before ,Fernoving forms. 
No/ice bo//5 projecAny from inolings: 
•=1111MINIMM,  
. . IP 	' .... 




. 	 ft 	0 
SI  
.  J. .44 
iirm.110. 
... 
„ 	.". . 	. 
At 	 '4 
. 	• A 	 ,- 
. ' 4 1> 
Mode/ Afier Forms Were i7emoved 
27. 
were realized this steel would be necessary. Experience has shown 
that the moment at the footings is developed in such a direction as 
to cause positive moment just above the footings. Also, nominal 
reinforcing was deemed advisable in the footings, Placed so as to 
resist any tendency of the footings to crack off due to this 
restraining moment. Stirrups could have been used as an additional 
safety precaution in the blip slab of the frame but were omitted 
because of the fact that difficulty would have been caused in pour-
ing the concrete. As it was, the small dimensions of the model and 
the closeness of the reinforcing made the tamping of the concrete 
without disturbing the bars extremely difficult, 
lOrDead 0  
I adds / 5 I 
 













22 PRELIMINARY _SKETCH 
GA. SCHOOL OF TECHNOLOGY 
SECTION OF 
RICO FRAME BRIDGE MODEL 
5ca/dr: I 	 Junk /.932 
DESIGN OF RIGID FRAM MODEL 
: 	: t 	: Ic 	: As 	: 	D 	: lo : 	I : 	. . 
 : Point: Feet :1/18 t3 :811.11 . :t - .125:10A leaoOI. 2 
	
: Y 1 r 	: 
: . 	2 	: 	; 	or 	 : 	 2 . : 	 : 
217:1.8m:•=--- 272.79 : .0169:4302 : .31 : 	 : 
fi 
I • . .520: .0117 :0027 r .135 : 
3 : .604 : .0154 :.0041 : .177 : 
: 	4 : .687 t .0270 80041 : .21.9 : 
: 5 : . .760 :.0866 t.0051 : .205 : 
6 : .833 : .0462 :0051 : .292 : 
: 	7 : .625 : .0206 :0051 : .188 : 
: 8 : .479 : .0092 :.00133 : .115 : 
: 	9 : .396 : .0052 :40033 : .073 : 
: 10 : .354 : .0007 2.0041 : .052 : 
: 11 . . .333 : .0031 2.0041 : .042 : 
: : : : 
: 2 2 : : 
: : : : 2 
8 2 t : : 
: s . , : 
: : : : 
1... : : 8 t : 
:1.35 : 145.1 : 
: 2.33 : 270.5 : 
: 3.33 : 378.9 : 
: 4.33 : 469.9 : 
: 5.29 : 538.0 : 
: Nsa : 1379.0 : 
1 5,680 : 81188.7 : 
: 5.64 : 5890.7 : 
: 5.66 : 6431.6 : 
: 5.87 : 5023.4 : 
: : 
: 2 
2 2 : 
: 8 
: : : 




















2- 	25, 728.8 
a 
for tall spew c2x25,789 r 	51,578 
I 
INFLUENCE LOAD ar 10. 
:Pt. : Influence Load at 7 R . . 
: 	Mom, 
: 
: 	SE 	: 	Hy 
: I I : Mom. 

























: 0 0 -4.34 -4.34: 
: 71, A 249.8 -4.53 -3,53: 
81, 2 1166.6 -4.59 -2.59: 
9L 3 3133.2 -4.62 -1,62: 
r 10L 4 5958.0 -4,64 - .64: 
11 5 8859.5 -4,65 II .35: 
lOR 6 8937.0 -4.64 111.56: 
• 9R 7 7310.8 -4,62 /2.38: 
8R 8 4666.4 -4.59 /3.41: 
7R 9 2248.2 -4.53 /4 .47 : 
6R 0 0 -4.54 -4.34: 
5R 0 0 
-1 5. 573:: 4R 0 0 -1,7535 
3R 0 0 -1.91 -1.91: 
ER 0 0 -1.09 -1.09: 
: IR 0 0 -.27 -.27: 
42,529.5 
UTFLUENCE LOAD = 10 
: : 
:Pt. : Influence Load at 8R 	: 
3 3 N1026 	: 	Ift zat.. 	: . HY 	: Total 	: 
: : 1 I : : Mom. : 
: : . 	: : 
: 	1L 0 	0 - .53 -.53 
: XL 0 0 -2.13 -2.13 : 
3L 0 	0 -3.73 -3.73 : 
: 	4L 0 0 -5.33 -5.33 : 
: 5L 0 	0 -6.93 -6.93 : 
: 	6L 0 ; 0 -8.46 -8.46 : 
: 7L a 499.6 -8.83 -6.83 : 
: 	8L 4 	2533.2 -8.96 -4.96 : 
: 9L 6 6266.4 -9.02 -3.02 : 
: 	10L 8 	11916.0 -9.06 -1.06 : 
: 11 10 17719.0 -9.07 1 .93 : 
: 	10R 12 	17874.0 -9.06 /2.94 : 
: 9R 14 14621.6 -9.02 /4.98 : 
: 	8R 16 	9332.8 -8.96 /7.04 : 
: 7R 8 1998.4 -8.83 - .83 : 
6R 0 	0 -8.46 -8.46 : 
 . 	SR 0 0 -6.93 -6.93 : 
: 4R 0 	0 -5.33 -5.33 : 
: 	3R 0 0 -3.73 -3.73 : 
: 2R 0 	0 -2.13 -2.13 : 
: 	1R 0 0 - .53 - .53 : 
2 le 	82561.0 
H s 	82561 	* 1,60 
51,578 
INFLUENCE LOAD .z 10 
:Pt. 	: 
t 	t 
Influence Load at 9R : 
Mom. : 	---W 
i 1 
t 	Hy 	: 
1 
Total 	: 
Mom. • . 
: IL 0 0 .. .75 .tir-: 
2L 0 0 -3.01 - 	3.01 
: 3L 0 0 -5.27 .. 5.27 	: 
4L 0 0 .4.53 7.53 
t 5L 0 0 -9.79 9.79 	t 
8L 0 0 0.11.98 '' 11.96 
/ 7L 3 749.4 12.48 .. 	9.48 	g 
81, 8 3499.8 6.12.88 .. 	6.66 
: 9L 9 9399.8 12.75 mb 	3.75 	: 
10L 12 17874.0 -12.79 a. .79 
: 11 15 26578.5 -12.81 ii 	2.19 	: 
IOR 18 28811.0 -12.79 ii 	5.21 
: 9R 2/ 21932.4 -12,75 { 	8.25 	: 
8R 14 8188.2 -12.88 { 	1.34  
: 7R 7 1748.6 -12.48 5,48 	: 
8R 0 0 -11.98 - 11.98 
: 5R 0 0 - 9.79 - 	9.79 	: 
4R 0 . 	0 - 7.53 - 7.53 
: 5R 0 0 - 5.27 - 	5,27 	: 
ZR 0 0 - 3.01 - 	3.01 
: 1R 0 0 - 	.75 - .75 	: 
t 
Z se 118,759,5 




INFLUENCE LOAD r 10 
: Point : 	 Influence Load at lOB  
: 	 : Mom. 	: lat 	: 	Hy 	: Total 







































t 8L 8 4666,4 -15.23 » 7.23 : 
9L 12 12522.8 -15,34 '. 3.34 
: IOL 16 25832.0 -15.40 1 	.60 : 
11 20 35438.0 -15.42 ft 4.58 
: lOR 24 55748.0 »15.40 1 8.60 t 
9R 18 18784.2 -15.34 1 2,66 
t 	8R 12 6999.6 -15.13 - 3,23 : 
7R 6 1498.8 -15.01 . 9.01 
t 	6R 0 0 »14.39 -14.39 t 
5R 0 0 -11.78 -11.78 
t 	4R 0 0 .. 9.06 » 9.06 t 
3R 0 0 . 6.34 ■ 6.54 
: 	2R 0 0 » 3.62 -3.6E : 
1R 
: 
0 0 . 	.90 - 	.90 
t 
7 • 140489.0 
H 	140,489 	w 2.72 
514578 
Influence Load s• 10 
: 	s 
: : INFLUENCE LOAD AT 11 : 
: 	Pt.: Mom. M Total : 
: : ;I 
Hy Iii : 
8 	: : : : 
: 1 L : 0 1 	0 : 	- .96 -.96 : 
: 2L:0 1 0 : .5.22 : -3.86 : 
: 3 L : 0 s 	0 : 	-6.76 : .6.76 : 
: 4 L : 0 s 0 : 	•.66 8 -9.66 : 
: 5 L : 0 s 	0 : .12.8e : .12.156 
: 6 L : 0 : 0 : .45,56 : -15.34 : 
: 7 L : 5 1 1249.0 : -16.01 : ..11.01 . . 
s 8 L : 10 ; 6e33.0 : -46.24 : - 6.24 : 
: 9 L : 15 :15666.0 : -16.36 : - 1.56 : 
210 L s so 129790.0 : .16.41 : II 3.59 : 
:11 	1 25 :44297.5 : -16.44 : - 1 8.56 : 
:10 R : so :29790.0 1 -16.41 : 1 3.59 c 
s 9 R : 15 :15666.0 : •16.36 - 1,36 : 
: 8 R : 10 : 5835.0 : -16.84 : -0 6.24 . . 
s 7 R : 5 c 1249.0 : -16.01 : -11.01 : 
: 	6 ft : 0 : 	0 : -15" : -15.54 : 
: 5 2 : 0 : 0 : -12.56 : -12.56 
: 4 R : 0 : 	0 : - 9.66 : - 9,66 
: 3 R : 0 : 0 t -6.76 : -6.76 
: 2 R : 0 s 	0 : - 3.86 : - 3.86 : 
: 1 R : 0 : 0 : 	..- 	.96 : - 	.96 
Z 96835.5 






























































































RIGID FRAME MODEL 
DEAD LOAD MOMENTS 
:Load: 	: Point 2 	: Point 3  
:Pt, acad 	 M : M 
: Point 4 	t Point 5 t Point 6 	: 
:MP' 	: M 	: 
 
• • 	• • • 	 • • 
-.191 -19,1 -.273 -27,3 -.555 -35.5 -.4547=qmpr 
-.373 -27.98 -.533 -39.98 -.693 -51.98 -.846 - 63.45 
-.527 -31.62 -.753 -45.18 -.979 -58.74 -1.196- 71.76 
-.634 .44.87 -.906 -49.83 4.178 -64.79 -1.439 -79.15 
-.676 -33.80 -.966 -48.30 4.256 -62.80 -1.534 -76.70 
-.634 -34.87 -.906 -49.83 46178 -64.80 -1.439 -79.15 
-.527 -31,02 -.753 -45.18 -.979 -58.74 -1.196 -71.76 
-.373 -87.98 -,533 .39.98 -.693 -51,98 - .816 63.43 









7 	: Point 8 	: Point 9 	t Point 10 	2 	Point 11 
: MY : M 	: MP 	: M : : M M7 M : NT : 	M 	: 
71, 100 /.447 /44.7 /0561 154.1 /.238 /23.8 1(.136 /13.6 /.035 / 3.5 
8L 75 -.083 - 6.23 )1.704 /52.80 /.498 /37.35 )1.294 /22.05 71.093 71 6.98 
9L 60 -.548 -32.88 11.134 / 8.04 1.825 /49.50 1,521 /31.26 11.219 /13.14 
IOL 55 -.901 -49.56 -.323 -17.17 1.868 /14.65 11 .880 /47.30 1.458 /25.19 
11 50 -1.101 -55.05 -.624 -31.20 -.136 - 6.80 11.359 /17,95 /.856 /42.80 
lOR 55 -1.101 -60.56 -.723 -39.77 -.334 -18.37 /.omo 3.30 1.458 /25.19 
9R 60 -.948 -56.88 -.666 -39.96 -.375 -22.50 -.079 - 4.74 1.219 /13.14 
8R 75 -.683 -51.23 -.496 -37.20 -.302 -22.65 -.106 - 7.95 /093 / 6.98 
7R 100 -.353 -35.3 -.259 -25.9 -.162 -16.2 -.064 - 6.4 )4.035 3.5 
-302.99 -96.86 /38.76 /116,37 /140,42 
D.L. NORMAL THRUSTS 
V.R. 	1060# 
	
Point 1 N 1060 	 POint 7 - 112 
2 	835 8 112 
3 755 	 9 112 
4 	665 10 112 
5 565 	 11 112 
6 	(450x0.71)/(112x.71) . 400 
RIGID FRAMS =EL 
Temperature Stresses 
c = .0000065 
t = 065 or -35 
X = 2,000,000x144 r 288,000,000 lbs./sq. ft. 
S 1.0 
H r Ettl 	le 	842,400 016,3 
s57 51 1578 
I 
35 	x 16.3 -12.7 
45 
:Point: : : 
: 	a : 1.33: 21,60 : •16.81 
3 : 2.33:037.90 : -215459 : 
: 	4 : 3.33:05406 -62.29 
5 44338100.58 : -54.99 : 
: 	6 ; 5,29:006,23 : -67,10 
: 7 5.52:7189,98 -70.10 : 
; 	8 ; 5.60:091.26 : -71.12 : 
: 9 : 5.66;091.93 : 
10 : 5.66:092.26 : -71,88 : 
11 : 5.67:092.42 : -72,01 : 
Points 2 to 4,N r 0 
Point 5 
= .7Ix16,3 ■ 011.6 
-N = .71'642.7 r .0. 10.0 
Points 6 to 11 
/N = 011 /16.3 
-11 -H - 12.7 
RIB SHORTENING 



















: 	 : 
C: z 	: fa 	A i 	: 









































































































z r. 58719 
fwax for full span = 2 x 58719 	117,438 
H : 117,438 --2.28 
51,578 
• 

































As can be seen, these value are negligible, so were 
Ignored. 
RIGID FRAME MODEL 
Earth Pressure-Right 





: 	Verti-: Earth Press.IRt.HorZEOW-1?11-112412142041------ 
Assume earth pressure 
• 
: Point 
: cal Dia- dal 
: tenee : Die- 
: from 1 tenee 
: 	0 	:Between 
tIoads:Suat 	:Inc.: Partial 
: 	: of lof 	: 	Nom 
t :Loads1Mom : A 
: 	* • .
: Hor. : Mom 
:Dist.: 	B : 







HL 0 .167 481.0 481.0 80.3 0 0 0 : 
:El .167 .167 55.0 426.0 71.0 	1 80.3 
1R .33 .50 - 426.0 213.0 1 151.3 1151.3 2 
BE .83 .50 145.0 281.0 140.5 1 364.3 
iiii 1.33 .50 - 281.0 140.5 1 504.8 /504.8 : 
:E3 1.83 .50 115.0 166.0 83.0 1 645.3 
5R 2.33 .50 - 166.0 83.0 1 728.3 /728.3 : 
:E4 2.83 .50 85.0 81.0 40.5 1 811.3 
4R 3.33 .50 81.0 40.5 1851.8 1 851.8 : 
:E5 3.83 .50 55.0 26.0 13.0 1 892.5 
5R 4.33 .48 26.0 12.5 / 905.3 1 905.3 : 
:E6 4.81 .48 24,7 1.3 0.6 1 917.8 
6R 5.29 .11 1.3 0.1 1 918.4 1 918.4 : 
:27 5.40 .12 1.3 0.0 0.0 / 918.5 
7R 5.52 .08 1 918.5 1 -91.8 1 826.7 : 
: 	8R 5.60 .04 1 918.5 2 -183.7 / 734.8 
9R 5.64 .02 / 918.5 3 -275.5 1643.0 
2 	lOR 5.66 .01 / 918,5 4 -367.4 1551.1 
























/ 91.9 : 
: 	6L 5.29 1918.5 10 -918.5 0 
5L 4.33 1918.5 10 -918.5 0 : 
4L 3.33 1918.5 10 -918.5 0 
3L 2.33 /918.5 10 -918.5 0 : 
: 	EL 1.33 1918.5 10 -918.5 0 
IL .33 1918.5 10 -918.5 0 : 
: : 




: Total Moms 	RIGID FRAME MODEL 





s 	1R 33 .5302 /94 -27.8 /123.5 : 
E2 
$ 	2R 1.33 .0122 /55023 -111.9 /392.9 
E3 
$ 	3R 2.33 .0197 /66158 -196.0 /532.3 : 
E4 
: 	4R 3.35 .0290 /97767 -280.1 /571.7 : Normal Thrusts: 
E5 6R:(84.1-91.85).71e -5.5 
: 	52 4.33 .0399 /98225 -364.2 /541.1 
E6 
: 	6R 5.29 .0525 /92575 -444.9 /473.5 : 61.(84.1/91.85).71e/1249 
E7 
TH 5.52 .0221 /206675 -464,2 /362.5 : IR to 5R 
82 5.60 .0096 /428509 -471.0 14263.8 N =-91.85 
9R 5.64 .0054 /671549 -474.3 /168.7 : el, to 5L 
102 5.66 .0038 ,820808 -476.0 / 75.1 N 	/91.85 
11 5.67 .0032 /813834 -476.8 - 17.5 : 
10L 5.66 .0038 /547206 .476.0 -.108.6 7R to 7L 
9L 5.64 .0054 /287837 -474.3 -198.7 : 	N s 84.1 
8L 5.60 .0096 /107152 -471.0 -287.3 
7L 5.52 .0221 /22975 -464.2 -372,3 : 
6L 5.29 .0525 0 -444.9 -444.9 
5L 4.33 .0399 0 -364.2 •-384,2 
4L 3.33 .0290 0 -280.1 280.1 
3L 2,33 .0197 0 -196.0 -196.0 
2L 1.33 .0122 0 -111.9 -111.9 
: 	1L .33 .5302 0 -27.8 27.8 : 
z. 4338387 





LIVE LOAD MONENTS 
:Load : Load : Point 2 	: Point 
:Point : Lbs. 	t MI : M t Mr : 
t 8L 	1000 ...213 -213 -.373 
11 1000 	-.386 -386 -.676 
t 8R 	1000 -.213 -a13 -.373 
Totals - 	 -812  
RIGID FRAME MODEL 
3 : Point 4 	: Point 5 
M 	t NY 	: M : 111 : 	X 
-373 -.533 -533 -.963 ....693 
-676 -.966 -966 .4.256 -1256 
-373 -.533 -533 - .693 s- 693 
-1422 -2032 -2642 
: Load 	: Load 
1 Point : 	Lbs. 
: 	Point 6 	:  
: NY 	1 M : 
	
Point 7 	: 
1 	: 	M : 
: 	8L 	1000 -.846 	-846 -.083 -83 
: 11 1000 .61.554 -1534 -1.101 -1101 
8R 	1000 -.846 	-846 -.683 -683 
Totals - -3224 -1867 
: Load : Load : Point 10 	: Point 11 
: Point : Lbs. t NF 	: M : MT 	: 	M  
: 8L 	1000 /.294 /294 /493 193 
: 11 1000 /.359 /359 /.856 	/856 
: 8R 	1000 -.106 	-106 )1.093 / 93 








.498 8 	t 
-.624 -624 -.136 -136 1 
-496 496 -.302 -502 	t iria---- 
/498 t 









L.L. Normal Thrusts 
V.R w 1500# 
Point 1- N w 1500 
2 	= 1500 
3 2 1500 
4 = 1500 
5 	= 1500 
6 =(0.71x1500)1(0.71x610) = 1500 
7 	a 610 
8 = 6/0 
9 	• 610 
10 a 610 
11 	610 
RIGID FRAME MODEL 
SUMMARY OF MAXIMUM NONYNTS 
AND NORMAL THRUSTS 
: 	Point 2 : 	Point 3 : 	Point 4 
:Loading 	: • N 	M : 	N M 
:Dead -149.0 835 -261.0 755 -372,9 	665 
:Earth P.-Rt. 	-111.9 - 92 -196.0 - 92 - 280.1 - 	92 
:Earth P. Lt. /392.9 ' 92 /532.3 1 92 /571.7 	L 	92 
:Sub-total 	/132,0 855 /75.0 755 - 81.3 	665 
:-Live 	-812.0 -1422.0 -2032,0 
:/Live 1500 1500 1500 
t-Temp. 	-16,9 -29.6 ‘0 42,3 
siftellT• /21.7 Aso 54.3 
-698.9 2335 -1376.6 2255 -2155.6 
:MAX.TOTAL 	/153.7 •835 /113,0 it 755 /218S 
: 	Point 5 : 	Point 	6 : 	Point 7 
:Loading 	: M : 	X M 	N : 	N 
:Dead 0.484,8 565 -592.2 40,0 -303.0 /112 
:Earth P.-Rt. •364.2 -92 -444.9 - .372.3 	/ 84 
:Earth Pr. Lt./541.1 02 /473.5 /125 /362.5 /84 
:Sub-total 	-301.9 565 -565.6 519 -312.8 	280 
:-Live 	-2642.0 .3284,0 .4.867.0 
:/Live 1500 1500 610 
t-Temp. 	-55.0 -87.2 - 	10 - 	70.1 	-.13 
t/Temp. /70.6 /86.2 / 12 / 90,0 /16 
-3004.9 -3854.8 -2249.9 
tMax.Total 12065 /2009 /877 
RIGID FRAME MODEL 
SMEARY OF MAXIMUM MOMENTS 
AND NORMAL THRUSTS 
: Point 8 : 	Point 9 : 	Point 10 
: Loading : X 	: 	X tM 	IN :M 
: Dead t 112 t 038.8: 112 Si 116.4: 112 
:Earth P.-Rt. :-287.3: 	84 :0198.7: 84 :- 108.6: 	84 
:Earth P.-Lt. 4(263.8: 	84 :1168.7i 84 :175.1 	: 84 
:Sub-total t-l2a.4: aao :1 	8.8: 280 :/ 	82.9: 880 
:410.0: 450 :-438.0: 450 106.0: 160 
:1Live :1704.01 160 :1496,0: 160 :f 653.0: 450 
:-Temp. 71,1:- 13 :- 71.6:- 13 :- 	71.9:- 13 




:- 17.5: 84 
:- 17.5: 84 
:1105.4: 280 
40042.0: 610 
: •724:-. 13 
:1 92.6:116 
1 
1 	 :-131i.5: 717 











RIGID FRAME MODEL 
DESIGN OF SECTIONS 
• • 
Moment 	: N :Arm.-e t 
: pt.:Foot 	: Inch :Lbs.:=M4N :Inches : 
: pounds :rounds : 	:Inches: 
• 
d= : e' 
t-1.51e/t4„5" et 
: 
: Net ; 
bd : 
:2 -696.9 :- 8363 :2335: 358 	: 6.26 : 4.75: 5.21:1.10 : 54.1 
:2 : /153.7 :/1845 : 835: 2.21: 6.25 : 4.75: 3.84: .81 : 11.9 
:3 : -1376.6 :-16520 :2255: 7.33 : 7.25 : 5.75: 9.48:1.65 : 53.9 
:3 : /113.0 :/1356 755: 1.80 : 7.25 : 5,75: 3.93: .89 : 	7.6 
:4 : -2155.6 :-25868 :2165:11.93 : 8.13 : 8.63:14.50:2.19 : 59.8 
:5 : -3004.9 :-36059 :2065:17.45: 9.13 : 7.63:20.52:2.69 :80.7 
:8 : -3854.9 :-46259 :2009:22.10 : 10.00 : 8.50:25.60:3.01 59.4 
:7 -2249.9 :-27000 : 877:30.78 : 7.50 : 6.00:33.03:5.50 : 67.0 
:8 : -1311.5 :-15738 : 717:21.95 : 5.75 : 4.25: 23,335.50 77.3 
:8 : /674.9 :/8099 : 458:17.75 : 5.75 : 4.25: 19.13:5.50  40.3
:g : -500.8 :-6010 ,: 717: 8.38 : 4.75 : 3.25: 	9.28:5.50 : 38.3 
:g /598.7 :/7185 456:15.75 : 4.75 : 3.25: 18.63:4.50 :59.8 
:10 : 95.0 :-1140 : 427: 2.67: 4.25 : 2.75: 	3.30:2.85 : 15.5 
:10 : /828.2 :19939 : 746:13.30 : 4.25 : 2.75: 13.93:5.12 :114.5 
:11 : 11239.8 :J14878 : 906:16,40 : 4.25 : 2.75: 17.03:1.20 :189.9 
:Point :fo-pounds I fs-pounds: Rated 
:per sq. 	per sq. 	: 	p 




: Bare to be 
: 	Used 
: 
: 2(-) 430 16000 .0007 .040 1-1/4"F--- 
: 2 (1) 
3(-) 430 16000 .0017 .117 3.14/4"O's 
3 (1) 
: 4 450 16000 .0025 .199 1-3/8"0- 2-1/4"O's 
: 5 480 18000 .0028 .256 2-3/8"0"s 2-1/4"O's : 
: 8 450 18000 .0029 .296 2•3/8"O's 2-1/4"O's 
: 7 490 16000 .0039 .281 2-3/8"O's 2-1/4"O'S 
8(-) 530 16000 .0045 .227 2-3/8"Ols 1-1/4"O's 
: 8(j) 350 16000 .0022 .112 3-1/4"Ps 
: 9(-) 350 18000 .0018 .070 1-3/8"O 	1-1/4'1 
: 9(j) 450 18000 .0034 .133 5-1/4" O's 
10(-) 
: 10 875 16000 .0068 .224 1-5/8"0 	2-3/8"O's : 
: 	, 11/ 800 11200 .0157 .518 1-5/8NO 2-3/8" O's: 
These computations 
were made in this manner so an 
to be able to use diagram for 
bending and direot stress from 
Hool and Johnson's Concrete 
Engineer's Handbook. 
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In order to measure the deflections of the rigid frame model 
under load it was decided to use a level bar. This instrument con-
sists of a spirit level set in a frame about eleven inches long. At 
one end of the frame is a pointed projection extending about an inch 
below the bar and fastened securely to it. At the other end of the 
bar is a micrometer screw with e pointed projection from it extend-
., 
ing down from the micrometer, The distance between these points is 
ten inches. The instrument is capable of measuring a change in 
deflection of one-one thousandth of an inch in ten inches. The 
measurement of change in elevation consists of placing the two points 
of the level bar on the two points whose relative elevations are 
required, with no load on the structure, and by using the micrometer 
screw, bringing the level bubble exactly to the center of the glass. 
Then the micrometer reading may be recorded. After the load is 
applied, the same procedure is carried out and the difference in 
the micrometer readings is the change in elevation between the two 
points. The test model was supplied with plugs at ten inches 
centers along the rib for half the span, on which to rest the 
points of the bar. Two plugs were also placed in the footing so that 
the rotation there could be measured* 
These plugs were placed by drilling holes and grouting 
them in. A sketch of the placing of these plugs is shown in Figure 
12. It will be noticed that alternate plugs are center punched and 
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29. 
and the resultant expansion or contraction. 
The arrangement of the level bar plugs gives us a means 
of determining the deflections at all points of the span. The 
readings of the level bar give us the various deflections for a 
number of different loadings. Following are the readings for loads 
of varying magnitude at different points on the span, both with 
ends free and with the restraining moment at the footings developed. 
The differences of these readings from those for no load are the 
deflections. The maximum deflection are the sums of all the 
differences of readings having a negative alga, 
gridy.e Alode/ 1//2aer- Co/is/rad/on 
Verhca/ Legs Poured 
064/ Show/29 Cey7eral Shape of R'h. 
LEVEL BAR READINGS 
FREE ENDS 
: Pluga : No 'pad 1500# 	: 2000# 
at Pt.11 	at Pt.11 
2500# 































: 8-9 .476 .471 .468 .466 
3000/ 	3 2500# $2500# at :1000# at 
: Pluga t at Pt.11iat Pt. 81, Pt. aa : Pta. 8L,11 and 8H: 
: 	1-2 .572 .571 .569 .54 
: 	5-4 .033 .036 .040 .034 	• 
4-5 .347 .351 .355 .349 
5-6 .517 .527 
: 	6-7 .399 .415 .411 .406 
: 	7-8 .332 .349 .344 .338 
: 	8-9 .464 .477 .468 .467 
FREE END CONDITIONS 
LEVEL BAR READINGS 
DIFFERENCES IN READINGS. 	-Readings = Inside going down. 
Load at Pt. 11 
: 1-2 A.003 A003 A.006 A.011: 
: 3-4 -.005 -.007 -.008 -.011: 
: 4-5 -.005 -.007 -.009 -.012; 
: 5-6 -.006 -.010 -.013 -.015: 
: -.008 -.012 -.016 -.020: 
: 7-8 -.008 -.012 -.016 : -.019: 
: 8-9 -.005 -.008 -.008 -.012: 
2500# at Pt. 8L 
: 1-2 i.003 : 
: 3-4 -.004 : 
: 4-5 -.004 : 
: 5-6 -.005 
: 6-7 -.008 : 
: 7-8 -.007 : 
: 8-9 -.008 : 
25000 at Pt. 8R ' 1004 at Pts. 11,8R and 8L 
:1-2 /.005 : : 1-2 A.006 : 
:3-4 -.009 : : 3-4 -.010 : 
:4-5 -.008 : : 4-5 -.010 : 
:5-6 - : : 5-6 - : 
:6-7 -.004 : : 6-7 -.013 : 
:7-8 -.002 : : 7-8 -.013 : 
:8-9 t.001 : : 8-9 -.009 : 
: : 
LEVEL BAR READINGS 
PARTIALLY FIXED ENDS 
: Pluga 
: 
: No Load :1000# 	: 1500# 	: 2000 
I 	:at Pt.1l: at Pt. 11: 	at Pt.lI : 
: 1-2 .568 .568 .566 .569 
: 3-4 .044 .040 .040 .038 
: 4-5 .359 .354 .354 .355 
: 5-6 .532 .526 .525 .524 
: 6-7 .419 .411 .412 .409 
: 7-8 .351 .342 	,, .343 .341 
: 8-9 .476 .472 .472 .46B 
: • 
. . 
: Plugs : 25001 	: 2500# 	:2500# at : 1000# at 
: at Pt.lI :at Pt.8L :Pt. 8R :Pta.11,81/108R: 
: 1-2 .571 .588 .571 .569 g 
: 3-4 .037 .040 .035 .036 : 
: 4-5 .350 .355 .351 .349 
: 5-6 .519 .527 • 11=• 
: 6-7 .404 .413 .416 .407 
: 7-8 .336 .344 .349 .339 




FIXED ZED CONDITIONS 
LEVEL BAR READINGS 
DIFFERENCES IN READINGS 
Load at Pt. 11 
: Plugs : 10001 15001 20001 : 2504 
1-2 11.00A i.00* 11.008 #.005 : 
3-4 -.004 -.004 -.006 -.007 : 
; 4-5 -.005 -.005 -.006 -.009 : 
: 5-6 -.006 -.00? -.008 -.013 : 
: 6-7 -.008 -.00? -.010 -.015 : 
: 7-8 -.009 -.008 -.010 -.015 
: 8-9 -.004 -.004 -.008 -.008 : 
25001 at Pt. al. 25001 at Pt. 8 R 
: 1-2 : /.002 : : 1-2 : fi.005 : 
: 3-4 -.004 : : 3-4 -.009 : 
: 4-5 -.004 : : 4-5 -.008 : 
: 5-6 -.005 : : 5-6 - 	: 
: 6-7 -.006 : : 6-7 -.003 : 
: 7-8 -.007 : : 7-8 -.00A : 
: 8-9 -.009 : 
; 8-9 
/.001 ; 
•  . : : 
. . : : 
10001 at Pta, ET, 8R and 11. 
: 1-8 : /005 : 
: 5-4 -.008 : 
4-5 -.010 : 
5-6 
: 6-7 -.012 s 
7-8 -.012 : 
: 8-9 -.008 ; 
Vote: Due to position of 
load, no reading for plugs 
5-6 were obtained in some 
cases. 
Since we have the rotation at the footings and the o 
of elevation all along the rib it becomes a fairly simple press 
to approximate the general shape of the rigid frame bridge under 
However, the assumption must be made that the detail at the knew as 
as a right angle,, does not change. This would probably not be stri 
ly true but the error is without doubt mall, The general form of 
the deflection curves for a few of the loadings were plotted with 
an exaggerated defleotiori scale and are reproduced here. 
The deflection curves for loadings with free ends and with 
footings partially restrained give us an excellent opportunity to 
notice the effect of the restraint. Due to the moment at the footinga 
the fixed end frame does not rotate as mush at the footings and this 
causes less bowing out of the vertical legs end consequently less 
deflection in the rib, From this it is evident that the timbers 




Telemeter reading. were taken for a number of different load-
ings at the three pointa on the span where the load could be applied. 
The seven instruments used gave readings with which the stress at 
almost all points on the rib and around the knee could be computed. 
These readings are reduced to stress by multiplying by a telemeter 
constant and by the modulus of elasticity of the material in which they 
represent the stress. The modulus of elasticity of the steel was 
assumed as 30,000,000 and; that of the conorete 4,000,000. This value 
for concrete may seem a little high but the practice among engineers 
who use the modulus for reduction of stress seems to be to assume it of 
at least that value. 
The calculations to locate the neutral axis at the knee were 
carried out and the results indicate, as determined by other tests, 
that its position is very close to the inside of knee. The assumptions 
made in these calculations can readily be seen by inspection of the 
sketch accompanying the computations. By using this position of the 
neutral axis the actual values for the stress given by telemeter No. 7 
can be obtained. 
The theoretical stresses for a few of the loadings due to the live 
load were computed and compared with'the observed stresses. These stress-
es seem to agree fairly well in some cases but in others they do not. It 
would appear that outside influences were active in a few cases, causing 
inaccurate readings. It might be well to state here that, due to the 
great sensitivity of the instruments, almost ideal conditions must be 
realized if exact readings are obtained. Variations of temperature are 
the greatest cause of this difficulty and care must be taken to pro-
test the instruments from the sunshine. 
POSITION OF NEUTRAL AXIS 
Average of Readings of Telemeter fa = —90.41 / aq• in. 
Average of readings of telemeter f  7 or /254.5 # / sq. in. 
Consider the section diagonally across knee: 
T 8.5 .254.5A5 
5-X 
MC = 90.4.12x .(8.5-x ) 
2 	 3 
Mss T(8.5-x ) = 8.5 ,254.5A8(8.5-x ) 
3 	5-x 	 3 
Mc = 4610.4x -180,818 
Ms s 5910 - 229.3x  
5-x 	5-x 
Mc w Ma 
4610.4x-180i8x2 =. 5840 - 229.3x 
5-x 	5-i 
23052x-4610.4x,-904.0x871180.8x3 = 5840-229.3x 
180.80-5514.441 23,281.3x-5840 a 0 
13-30.5127( 128.8x -32.3 	0 
Solving x .27* 
jd = 8.5-.09 N. 8.41" 
j = 8.41 = .989 
8.5 
= .27 g .03a 
8.5 
Readings on telemeter No. 7 must be multiplied by 8.23 to give stress 
5 
in steel at point 6. 
View 1)6,mo/451ra/thy How Load was 
Applied /o Mode/ 
App roach F/1/5 of Ends 
of /Wade/ in place 
32. 
Following are given the readings and corresponding stresses for 
some of the loadings used. The comparisons of the calculated and 
observed stresses for a few of the loadings are tabulated also. 
CALIBRATIO1 OF TELEMETERS 
: Teleneter:POint : Tension: Conpr.:UNIT Strain:Unit Stress:Unit Strain: Unit  
No. 	 : 	I 	: 	,•: 	I 	: 	I 	. 	- 	: Stress-   
. . 1 : 5 :.000130 1.000135: .000016 : 480.0 :.000019 : 68.0 
: . 2 : 9 :000157 :.000158:.000020 : 600.0 :.000019 : 76.0 
: 3 : 9 :000139 :.000141:.000017 : 510.0 :400018 : mo 
: 3 : 9 :.000148 :400141: .000019 : 570.0 :.000018 ; 72.0 
: 4 : . U. :.000169 :000158:000021 : 630.0 :.000060 : 80.0 
: 5 : 8 :000149 :000180:.000018 : 540.0 :4000025 : 92.0 
: 6 : . 6 :.000133 :000158:400019 : 510.0 :000017 
: ::g : V : 6 :9000111 :00036 :000014 : 420.0 :.O000]5  
1 : : . : 	: : : 
: : . . : : : 
: : • . , 	: : : 
: : : : : : : 
: : : 	: : : : 
Et Assumed equal to 4,000,000 in above table 
Es Assumed equal to 30,000,000 
Two different instruments were used at Pt. 9 as 
can be seen from the above table. Some of the 
readings were taken one instrument and some on the 
other one. 
OBSERVED STRESSES 
LOADS AT CENTER OF SPAN 
Free End Conditions 
:Telemeter: 
. : No. 	. 
Load 
: 1000 
: 1 Telemeter Reading . - 	3.8 - 3.6 - 	6.0 - 	7.6 : 
Stress .163.2 . 258.0 -244.8 -408.0 -510.0 : 
: 2 Telemeter Reading . 	1.7 - 	4,0 - 	4.2 - 	6.8 - 	7.0 : 
Stress -129.2 - 564.0 -319.2 -517.0 -532.0 : 
: 3 Telemeter Reading / 	2.0 / 	8.0 / 12.0 / 12.5 / 11.6 : 
. Stress /1020.0 p060.0 /6120.0 /6380.0 /5910.0 : 
: 4 Telemeter Reading i 	5.0 , 	14.7 / 	8.5 / 	15.0 ,1 27.4 
. . 
: Stress 03150.0 09252.0 /5355.0 /9450.0 /15618.0 : 
: 5 Telemeter Reading - 	0,8 - 	4.0 - 	5.2 - 	7.5 - 	8.0 : 
: Stress - 73.6 . 371.0 - 479.0 - 890.0 -736.0 : 
: 6 Telemeter Reading . 	0.2 - 	3.0 . 	4.4 - 	6.7 - 	8.5 : 
: Stress - 27.2 -204.0 - 299.0 - 456.0 -528.0 : 
: 7 Telemeter Reading i 	0.2 i 	8.5 / 	1.0 i 	17.2 i 	7.0 : 
: Stress 0I41.0 /6000.0 /706.0 /12150.0 /4940.0 : 
: : 
: 
PARTIALLY FIXED ENDS 
omms.1■■■•■■■•• 
   
  
:Telemeter: :1000#1 1500: 2000# 	: 
: 	No. 
1 Telemeter Reading - 	3.0 - 	5.8 - 	6.3 - 	8.3 
Stress 2o4.0 394.0 -428.0 - 564.0 : 
2 Telemeter Reading - 	2.3 - 	5.0 - 	5.5 - 	7.2 : 
Stress - 174.8 ,- 380.0 -4/8.0 -547.0 
3 Telemeter Reading 2.1 ' 0 	7.3 8.7 0 12.3 	: 
Stress /1197,0 /4160.0 /3863.0 /7010.0 
4 Telemeter Reading 4,3 0 	12,3 / 8.7 /13,9 
Stress /2709.0 /7750.0 /5485,0 /8760.0 : 
5 Telemeter Reading - 	1.4 - 	4.8 - 	5.5 - 	7.9 
Street, - 128,8 -441.0 - 506.0 - 726.5 : 
8 Telemeter Reading - 	1.6 . 	5.7 - 	4.8 - 	9,2 
Stress - 108.8 -286.0 - 326,0 - 625.0 
7 Telemeter Reading 0.3 / 	4.2 9.3 / 	17.7 
Stress / 212,0 12970.0 /6570.0 /12500,0 1 
• 
CALCULATED AND OBSERVED STRESSES 
DuE TO LI' LOAD 
1500# at center line of span 
: Plaint :Moment: N 	: Um e: t 	: d 	: 	a' 	: e' : E:: 	: 
:Inch :Pounds:=MfN 1 Inches:at-1.5"mA -1.5': d :Net : 
: 	:Pounds' 	anches$ 	t 	• . 2 	• . NO 	: 
: 5 -22680 1500 15.1 9.13 7.65 18.16 2.38 	39,0 . 
: 6 	-27540 1379 20.0 10.00 8.50 23,50 2.76 37.4 	: 
: 7 -19800 443 44,7 7.50 8.00 46.95 7.82 	48.1 1 
: 8 	-11540 443 25.6 5.75 4.25 26.98 6.35 55,2 	1 
: 9 -2430 443 5.5 4.75 3.25 6.38 1.96 	22.2 : 
: 11 	115480 443 54.* 4.25 2.75 35.63 12.95 114.0 	: 
: : 
: : 
:Point: P 	: fe : fs :Telemeter : 
• : Pounds per sq. in.: Pounds per sq, inch : 	No. 
• 
• .
• • : Calculated:Observ.:Calculated: Observed 
5 	.0038 	-275 	-258 	7500 
: 	8 .0031 -270 -204 9000 	/6000 
: 7 .0044 	-330 	-304 	10500 
: 	8 	.0053 -360 -371 10000 
: 9 .0049 	-125 	 8800 	15060 
















25001 at center/of , s an 
:Point: Moment : 	N 	: Arm a: t 	: d ..T. 	: e' at 	: e' : 	K..:: : 
: 	: Inch 	:Founds: :M+N :Inchosit-1.5" :e1t -1.5a: lr :Ne' : 
• :Rounds 3 	:Inches: 	t 	: 	2 	. :3alr : 
: 5 	-3780 	2500 	15.1 9.13 '7.63 18.16 2.38 65.0 : 
: 6 -45900 2292 20.0 	10.00 8.50 	23.50 	2.76 62.4 : 
: 7 	-33100 	739 	44.7 7.50 6.00 46.95 7.82 80.2 : 
: 8 -18920 739 25.6 	5,75 4.25 	26.98 	6.35 92.1 : 
: 9 	- 4050 	739 	5.5 4.75 3.25 6.38 1.96 37.0 : 
: 11 125800 739 34.9 	4.25 2.75 	35.63 	12,95 290.0 : 
: Point: 	P 	. 	fe 	 • . . 	Telemeter fa 	•
: 	: : Pounds per sq. inch:Pounds per sq., inch: No. 
: : 	•Calculated:Observed :Calculated: Observ.: : 
: 	5 .0038 	-460 	-408 12,000 1 . . 
: 6 	.0031 -490 -458 115000 	112150 6-7 
: 	7 .0044 	-610 	-517 118,000 2 
: 8 	.0053 -850 -690 /17000 5 
: 	9 .0049 	-230 / 5,000 	1 6380 3 
. . 
: 	11 	.0160 -1320 /13,500 	1 9450 
OBSERVED STRESSES 










1 —4.3 -292.0 
-5.8 -441.0 
3 10.3 1153.0 • 
• 4 /14.8 19320.0 
5 -0.8 . 73.6 
6 -5.3 -360.0 
7 714•8 13330.0 : 
PARTIALLY FIXED ENDS 




1 -5.9 -401.0 
.2.7 -207.0 
3 15.4 12750.0 
4 110.7 /6740.0 
5 -3.7 -341.0 
6 -7.2 -490.0 









2500 lbs. at Pt. 8R 
:Telemeter :Telemeter : Stress 
:  No. 	:Reading 
	
: 1 -3.0 
R 	-1.0 





2500 lbs. at Pt. BL 
:Telemeter:Telemeter: 
: 	No. 	:Reading 	: Stress 
: 
: 
: 1 -2.0 -136,0 1 
: 2 -3.6 -273.6 :  
• 3 18.0 /080.0 s 
: 4 112.0 11260,0 : 
: 5 16.7 13610.0 : 
: 6 -1.8 -108.8 : 










PARTIALLY FIXED ENDS 
2500 lbs. at Pt. 8R 
:Telemeter:Telemeter 
. : No. :Reading : Stress 	: 
: 1 -3.8 -258.0 : 
. 2 -1.3 - 98.8 	: 
. 3 PO /2110.0 
. 4 /L8 11765.0 
: 5 -Q,2 - 18.4 	: 
. . 6 -OA - 13.6 
. $ 7 10■ 5 1346.0 
2500 lbs. at Pt. 81. 
:Telemeter:Telemeter: 
No. ; Reading : Stress 
1 -0.9 -51.2 
2 -4.2 - 519.0 
3 /0,9 1 513.0 
4 /1.7 11070.0 
• 5 17.6 1 411.0 
6 -4,3 - 292.0 
7 18.7 16020.0 
CALCULATED AND OBSERVED STRESSES 
DUN TO LIVE LOAD 
2500# at Pt. 8 R 
Point : Moment 
: Inch- 
:Pounds 
3 	 : 
: N 	: a MN 
: Pounds :Inches 
: 	 • 
s 	t d 	:eit-1.5": 	- 




5R -10,850 8500 8.35 9.15 7.65 11.41 1.50 40.9 
6R -25,500 2080 12.37 10.00 8.50 15.87 1.87 37.8 
7R - 2,400 400 6.00 7.50 8.00 8.25 1.37 7.6 
8R {21,300 400 53.20 5.75 4.25 54.65 12.87 100.8 
9R {15,000 400 37.50 4.75 3.25 38.38 11.80 111.0 
11 i 2,700 400 6.75 4.25 2.75 7.38 2.68 32.5 
9L - 9,000 400 22.50 4.75 3.25 23.38 7.19 73.8 
8L -14,850 400 37.13 5.75 4,25 38.51 9.06 71.0 
7L -20,600 400 51.50 7.50 6.00 53.75 8.96 49.7 
6L -25,500 2060 12.37 10.00 8650 15.87 1.87 37.8 
5L -20,850 2500 8.35 9.13 7.65 11.41 1.50 40,9 
:Point: P : 	fc 
: Pounds per sq. inch 
Is 
$ Pounds per sq. Inch Telemeter 
No. :Ca/culated:ObserTed :CaIculated:ObserTed 
SR .0038 -250 -204 {5000 1 
: 6R .0031 -280 -108.8 tolsoo {1410 6-7 
: 7R .0044 - 50 - 76 {1000 2 
: 8R .0053 -750 {12000 {3610 5 
: 9R .0049 -900 Paw° {2142 3 
: 11 .0080 -150 /1500 {1260 4 
r 9L .0049 -540 {14500 {4080 3 
8L .0053 -500 -110.4 {13000 5 
7L .0044 ..420 -273.6 {12300 a 
6L .0032 -280 {7500 6-7 
: 5L .0038 .250 -136 {5300 1 
#33. 
The results of the tests indicated that the restraint caused 
by the timbers is of an appreciable amount and should be provided 
for in the design. The practice of using an intermediate design 
between the free end case and the fixed end case, when piles are 
used would seem to be safe. The telemeter readings for the case with 
partially fixed ends were greater in the region of the knee and less 
at the center of the span indicating a greater negative moment and a 
smaller positive moment, although the variations of the strain gage 
readings fail to evaluate these differences for us. The differences of 
deflections for the two 	would indicate the same conditions• 
The calculated stresses were, in almost every case, of great-
er values than the corresponding observed stresses. This fact 
might be explained by the action of the earth fills at the ends of 
the bridge. Although no exact value can be assigned to this pressure, 
it is evident that a passive earth pressure mat be developed by these 
fills. When the vertical legs deflect outward the action of the 
earth in resisting this movement is equivalent to an active pressure 
on the frame. From the amount of the differences in the calculated 
• 
and observed stresses the amount of this passive preemie would seem 
to be quite large. This, of course, is on the assumption that 
the earth pressure accounts for all of the difference, whieh fact 
may not be entirely true. 
An attempt was made to load the model to destruction but, 
with the available equipment, sufficient load could not be applied 
to cause a failure. A load of 6000 lbs. was applied at the center 
of the span, but due to the large deflection in the timbers under the 
bridge the range of the jack type lodometer prevented the addition 
of more load. Under the load of 6000 lbs. hair cracks over the 
tension reinforeement could be discerned at the center of the span. 
The rigid frame bridge model demonstrated to the writer a 
remarkable strength and rigidity, considering the slender proportions 
of the structure. The economies affected by the rigid frame bridge 
are easily seen. When we couple that important fact with the consider-
ation 	its grace and symmetry, there can be small wonder that it 
is rapidly gaining popularity as one of the finest types of short 
span bridges. 
